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© Non-A, non-B hepatitis virus antigen peptide.

© Disclosed is a non-A. non-B hepatitis virus antigen peptide which exhibits antigen-^body reaction

specificity with at least one of sera from convalescent patient having acute m>n-A non-B he
r^^^fr^

a^ent having chronic non-A. non-B hepatitis. By the use of the antigen peptide of the present invention^

on?yTdiagniis of non-A. non-B hepatitis but also the screening of blood for transtooncan bea^i^w^

ease and high reliability. The antigen peptide of the present invention may also be used as the basis far a

vaccine against non-A, non-B hepatitis.
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NON-A, NON-B HEPATITIS VIRUS ANTIGEN PEPTIDE

Background Of The Invention

Held Of The Invention

5

This invention relates to a non-A, non-6 hepatitis virus antigen peptide. More particularly, the present

invention is concerned with a non-A, non-B hepatitis virus antigen peptide which exhibits antigen-antibody

reaction specificity with at least one of a convalescent serum from a patient having acute non-A, non-B

hepatitis and a serum from a patient having chronic non-A, non-B hepatitis. The antigen peptide of the

70 present invention is useful for diagnosing non A, non-B hepatitis and for screening blood for transfusion.

Further, the antigen peptide of the present invention can be used as an active ingredient of a vaccine for

non-A, non-8 hepatitis.

rs Discussion Of Related Art

Definition of non-A, non-B hepatitis virus:

20 The viral hepatitis is a liver disease caused by the Infection of a hepatitis virus. Heretofore, hepatitis A
virus, hepatitis B virus and hepatitis 0 (delta) virus have been isolated and identified. The hepatitis 0 virus

(delta-hepatitis virus) is a deficient virus which cannot grow by itself and requires for its growth the co-

presence of hepatitis B virus as a helper virus. Therefore, the hepatitis D virus Is present only in a patient

having hepatitis B. In 1974, it was reported that there were many patients having hepatitis caused by a
29 factor other than the infection with either hepatitis A virus or hepatitis B virus. Such a hepatitis was named

"non-A, non-B hepatitis", and researches on the non-A, non-B hepatitis virus have been made extensively

and intensively throughout the work! Heretofore, it has been found that a plurality of types of non-A, non-B

hepatitis viruses exist Results of the researches up to now show that the non-A, non-B hepatitis virus is

classified into two types accortflng to the infection route, that is, an epidemic hepatitis virus, namely an

30 entericaily-transmitted non-A, non-B hepatitis virus, which Is spread through water and foods; and a blood-

transmitted non-A, non-B hepatitis virus which is spread through blood by transfusion, etc. Of the non-A,

non-B hepatitis viruses, only an entericaiiy-transmitted NANBV which spreads over the areas of Africa, India

and Southeast Asia has been virologicaHy Identified, but the blood-transmitted non-A, non-8 hepatitis virus

has not yet been identified.

35 Heretnbelow, the blood-transmitted non-A, non-B hepatitis is often referred to simply as "NANB
hepatitis

-
, and the blood-transmitted non-A, non-B hepatitis virus is often referred to simply as "NANBV.

Current situation of the studies on NANB hepatitis and Problems:

With respect to the mechanism of the crisis of the NANB hepatitis and the treatment of the NANB
hepatitis, virologicai studies have been made in the world by. the composition of NANBV with the other

hepatitis viruses, diagnostic, histopathology and the like (Japan Medical Journal, No. 3220, pp. 3-10, 1987).

With respect to the NANB hepatitis, the following findings have been reported.

(1) Epidemiology:

In Japan, according to the estimation by Ministry of Health and Welfare, about 60 % of chronic hepatitis

so patients (namely about 720 thousand patients), about 40 % of hepatocirrhosis patients (namely about 100

thousand patients) and about 40 % of liver cancer patients (namely about 7 thousand patients) are patients

having NANB hepatitis. Further, the motality rate attributed to the above-mentioned NANB hepatitis reaches

16 thousand per year. In U.SA. the number of post-transfusion hepatitis patients reaches 150 to 300

thousand per year and 90 % of the post-transfusion hepatitis patients are patients having NANB hepatitis.

Further, it is considered that 1 to 6 % of the blood donors are an NANBV carrier. Further, it is estimated
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that in the other countries also, the incidence of NANB hepatitis and the ratio of the NANBV carrier are

equal to or higher than those in U.S.A. and Japan. Therefore, prevention, early diagnosis and early

treatment of the NANB hepatitis is a matter of global importance.

(2) Virology:

The NANBV heretofore reported comprises an envelope and a viral particle having a spherical shape of

a diameter of about 50 nm. The taxonomlc observation suggests that the known NANBV is a virus sim.lar to

a togavirus or a flavivirus. or a virus of new type different from the togavirus or the flavivirus. Further.me

results of pathological observations of the cytoplasms of hepatocytes of a plurality of chimpanzees injected

with a blood serum of a patient having NANBV hepatrtls show that the formation of a tubular structure is

observed in the cytoplasm of a hepatocyte of some of the chimpanzees, but not observed in the cytoplasm

of a hepatocyte of the other chimpanzees, and that an intranuclear particle Is formed in the cytoplasm of a

hepatocyte of some of the chimpanzees. These results and the results of the epidemiological observation

and the tests on the presence or absence of the chloroform sensitivity suggest that a plurality of types of

NANBVs exist (see. for example. "Science". Vol. 205. pp. 187-200. 1979. and "Journal of Infectious

Disease' Vol 148, pp. 254-265. 1983). The amount of the NANBV present In the blood of a patient having

NANB hepatitis is extremely small as compared to either the amount of a hepatitis A virus present in the

feces of a patient having hepatitis A or the amount of a hepatitis B vims present in the blood of a patient

having hepatitis B. For example, the amount of hepatitis B virus in the blood of the patient is 10 to 10» per

ml in terms of Chimpanzee Infectious dose (OO). whereas the amount of NANBV In the blood of the patient

Is only 10* to 10» per ml In terms of CIO (Bradley. O.W.: Research perspectives in post-transfusion non-A.

non-B hepatitis, in "Infection. Immunity and Blood Transfusion", edited by Oodd. R.Y. & Barker. LF^_

published by Alan R. Uss. ma. New York (1985) pp. 81-97). Further, it is known that except for human,

mere are no animals except chimpanzee that are sensitive to NANBV and that in the cytoplasm of the

heoatocvte. a typical tubular structure Is occasionally formed by NANBV infection. Since only chimpanzee

canbe used as an animal for experiment of the NANBV Infection, a large number of chimpanzees are

required to be used for the study of NANBV. However. ^ chimpanzw Is not easily

expensive Therefore, the study of NANBV by. for example, experimental infection by NANBV. Identification

of NANBV and search for a useful marker for NANBV. is necessarily restricted and delayed.

(3) Cllnicai observation:

The latent period of the NANB hepatitis is 2 to 28 weeks. The symptom of NANB hepatitis In the early

stage is mild as compared to that of hepatitis B. For example, a patient having NANB hepatitis only

becomes feverish and complains of languor. Further. 70 % of the patients have anictenc symptom.

Therefore, the NANB hepatitis is frequently overlooked. However, the NANB hepatitis is very dangerous

because the NANB hepatitis is likely to become chronic and. then, to progress to liverd^3-™*"8
'
40

to 50 % of the patients having NANB hepatitis whose blood serum exhibits an increased aminotransferase

activity develop chronic hepatitis. 10 to 20 % of the cases of chronic hepatitis are accounted for bylrver

cirrhosis. Further. 0.5 to 1 % of blood recipients per year become liver cirrhosis patients vnmout subjective

symptoms. Therefore, for preventing biohazard caused by concerned with blood transfusion and bleeding,

eradication of the NANB hepatitis is a matter of global Importance from the viewpoint of public health.

(4) Diagnosis:

As mentioned above, the NANBV (blood-transmitted type) has not yet been identified and a viral

marker such as an NANBV antigen, useful for the diagnosis of NANB hepatitis has not been known.

ZSore. diagnosis of NANB hepatitis has been conducted by examining the titer of *e antibody In seaim

of a patient which is specific for each of the known phkxjogenic viruses, such as hepatitisAv^W
B vlais. cytomegalovirus. EB virus, varicella virus and herpes simplex virus, and diagnosing the patient

whose JZ is negative with respect to the antibody specific for any of the abc^e^entoned v,ruses.

having NANB hepatitis. At the same time, another diagnosis method has also been used. For^axampj*.

iWnave been used a method in which whether or not the activity of an enzyme in senm such as GPT

felulmlc-pyruvic transaminase, also known as "ALT" (alanine aminotransaminase)!. GOT (glutam,c-ox-
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aioacetlc transaminase, also known as 'AST- (aspartate aminotransamlnase)]. ^
d9"^™J°^°^

knwn as "guanase") ('Kan-tan-sui (Uver, Gallbladder. Pancreas)-. Vol. 14. pp. 519-522. 1987); a metood in

wSgWase activity is determined based on the absorbance of a sample (Japanese Patent Application

S-0?en Spedfication No. 60-176600); and a method in which the activity of reverse transcriptase in

s blood is determined (U.S. Patent No. 4.707.439). With respect to the OPT or GOT^m mentioned

above, standard for the diagnosis of NANB hepatitis in which lasting, abnormally high activates of GPT and

GOT are utilized as a criterion for the diagnosis of NANB hepatitis, is employed in Japan (
Journal of Blood

Transfusion Society in Japan". Vol. 31. No. 4. pp. 316-320. 1985). With respect to the diagnostic agent for

NANB hepatitis, an antibody specifically reactive with an antigen which is formed^b^«
io having the symptoms of the NANB hepatitis is known. For example, a polyclonal ^^(JapanesePatent

Awllcatton L^id-Open Specification No. 58-735). a monoclonal antibody (Japanese Patent Ap^lcatlonL^d.

Opi, specifteadonVNo. 58- 183829. No. 61-581988 and No. 82-181798). a monoclonal anttbody p^ed
Ta cTsJaTn (Japanese Patent Application Laid-Open Specification No. 61-25484). an avIoWabeted

anybody (Japanese Patent Application Laid-Open Specification No. 60-195454). and an antibody prepared

mCtt!e Sum of a monkey infected with an extract of a stool* a P^art ha^r^ I^B hepadtis

(Japanese Patent Application Laid-Open Specification No. 62-249999) are known. Further, an NANB

heoalitis-related antigen which is isolated and purified from anatomized liver of a patient having NANB

hepSTJapanese Patent Application Laid-Open Specification No. 57-198867) has been reported However.

thTdLnosjTof NANB hepatitis has not been able to be attained accurately by the use of any of the aboye-

20 mentioned methods, antibodies and antigen, because the enzymatic^J^J**^™^£
diagnosis of NANB hepatitis in the above-mentioned methods Is not specific for the NANB hepatitis, and the

antibodies and the antigen mentioned above are not specific for NANBV. Therefore, it has been desired to

obtain a marker specific for NANBV.

25

(5) Therapy and Prevention:

Recently, the therapeutic effect on chronic NANB hepatitis by the use of interferon has been

attracting attention in the art ["Hepatology". Vol. 6. p. 117. 1986 (abstract)]. With respect tothe dose of *
so interferon and the period of administration. Investigations have been made. However, the effectiveness of 0-

interferon has not yet been confirmed. ^—i- «,™
On the other hand, the various vaccines and diagnostic agents have been reported. For example, there

can be mentioned an adjuvant vaccine containing an antigen derived from a serum of a patient having

NANB hepatitis who has a symptom of a jaundice, which serum exhibits high GPT activity (Japanese Patent

as Aoolication Laid-Open Specification No. 59-42455); an NANBV antigen specifically reactive with an antigen

produced by a lymphocyte obtained from a patient having NANB hepatitis which lymphocyte has been

transformed with EB virus which has been isolated and purified from cells of the liver of a ^P*™*
having NANB hepatitis (Japanese Patent Application Laid-Open Specification No. 81-176856); a

glycoprotein derived from a blood serum of a patient having NANB hepatitis (Japanese Patent Application

40 Laid-Open Specification No. 62-30986); a DNA virus Isolated from a blood serum of aP^J?^^8

hepatitteby affinity chromato graphy (Japanese Translation Publication No. 59-501 774 of PCT Application

Publication No. WO84/01107); an NANBV antigen isolated from the fibror^fractton Jbtoodptoma

(Japanese Translation Publication No. 60-501241 of PCT Application Publication No. W084rt)4326) a

logavirus isolated from a serum and an urine of a patient having NANB hepatitis (U.S. Patent No.

46 4464474); a vaccine containing, as an active Ingredient an NANBV surface antigen or a gamma globulin

JSi i: a serum or a pTasma of a patient having NANB hepatitis (U S. Paterrt No
J54Z016);

an

NANBV purified from a serum of a patient having NANB hepatitis, and an antigen thereof (U.S. Patent* No.

4673 634 and No. 4,702,309 and European Patent Application Publication No. 128.895); and an enterovirus-

lltevirus isolated from an extract of a stool of a patient having NANB hepatitis (European Patent No.

so 71,640). However, since the NANBV have not yet been isolated, any confirmation cannot be made as to

whether or not the above-mentioned vaccines and diagnostic agents are surety useful for spedficaJly

diagnosing and treating NANB hepatitis. Furthermore, with respect to the memodfor preventing anNANBV

3soreadlna via blood preparation, there have been known, for example, a method in which a serum or a

b^MU^*M toWeatment for 10 min at 80
' C (U.S. Patent No. 4.438.098); a method*

M S 'freezes ilood preparation, are prepared and^^^tSToi a^a
Application Laid-Open Specification No. 59-110827); a method in which a fraction of a plasma

i

protein

pTedptatod from aTorganfc solvent such as chloroform, is collected and the uganic solvent-soluble

Suction containing the hepatitis viruses are discarded; and a method for the inacttvation of NANBV by

4
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formalin (U.S. Patent No. 4,291,020). However, as mentioned above, the NANBV has not yet been isolated

and identified and. therefore, any confirmation cannot be made as to whether or not the blood treated by

the above-mentioned methods is surely free from the NANBV. Therefore, the safety and effectiveness of the

biological preparations obtained by the above-mentioned method are not insured. Accordingly, none of

s these methods have been put into practice use.

Summary Of The Invention

to The present inventors have made extensive and intensive studies with a view toward solving the above-

mentioned problems and developing an NANBV antigen. As a result the present inventors have succeeded

in cloning a cONA coding for an NANBV antigen peptide having not only high reliability but also safety and

effectiveness, directly from a plasma and a resected liver of a patient having NANB hepatitis, without

multiplying the NANBV in a chimpanzee having unknown factors which are considered to have rendered

is difficult the Isolation of NANBV, although the amount of NANBV in the plasma or the resected liver is

extremely small, that is, as small as about 1/10,000 that of a hepatitis A virus or a hepatitis B virus. Thus,

safe production of the NANBV antigen peptide with high purity on a large scale at low cost without

biohazard, has for the first time been realized by expressing the cONA coding for NANBV antigen peptide

by means of recombinant ONA technique. Further, it has been found that the probe which is prepared from

so a cONA library obtained from the RNA present in the plasma or resected liver derived from human can be

specifically hybridized with the RNA in the plasma of a patient having NANB hepatitis patient by the

Northern blot technique explained in Example 1. Further, it has been found that the thus obtained NANBV

antigen peptide of the present invention exhibits antigen-antibody reaction with at least one of serum from a

convalescent patient having acute NANB hepatitis and serum from a patient having chronic NANB hepatitis.

25 Based on the above-mentioned findings, the present invention has been completed.

Therefore, it is an object of the present invention to provide an NANB hepatitis virus antigen peptide

which is useful as an active Ingredient for a diagnostic agent and a vaccine for NANB hepatitis.

It Is another object of the present invention to provide a mixed peptide antigen comprising at least two

NANBV antigen peptides.

30 It is still another object of the present Invention to provide a cONA coding for the NANBV antigen

peptide which is useful as a diagnostic agent for NANB hepatitis.

It is a further object of the present invention to provide an effective method for the diagnosis of NANB

hepatitis.

It is still a further object of the present Invention to provide an effective method for screening blood for

36 transfusion to select a blood free from NANBV.

Brief Discussion Of The Drawings

40 In the Drawings:
' "

Fig. 1 is an illustration of an autoradlogram obtained by subjecting sera to dot hybridization using, as

a probe, a cDNA of the present invention labeled with *Pt in which specimens 1 to 5 are sera from patients

having NANB hepatitis, specimens 8 and 7 are sera from patients having hepatitis 8 and specimen 8 is a

serum from a healthy human who is diagnosed as negative to hepatitis; and

45 Figs. 2(a), 2(b), 2(c), 2(d), 2(e) and 2(f) individually show the nucleotide sequences of various cDNA's

embodying the present invention.

Detailed Description Of The Invention

so

Essentially, according to the present Invention, there is provided a non-A, non-B hepatitis virus antigen

peptide which exhibits an antigen-antibody reaction with at least one member selected from the group

consisting of serum from a convalescent patient having acute non-A, non-B hepatitis and serum from a

patient having chronic non-A. non-B hepatitis, and which does not exhibit an antigen-antibody reaction either

55 with serum from a human clinically diagnosed as negative to hepatitis or with serum from a patient having

hepatitis diagnosed as other than non-A, non-B hepatitis.

Further, in another aspect of the present invention, there is provided a cDNA coding fop a non-A, non-B

hepatitis virus antigen peptide, said antigen peptide exhibiting an antigen-antibody reaction with at least one

5
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member selected from the group consisting of serum from a convalescent patient having acute non-A, non-

B hepatitis and serum from a patient having chronic non-A, non-B hepatitis, and which does not exhibit an

antigen-antibody reaction either with serum from a human clinically diagnosed as negative to hepatitis or

with serum from a patient having hepatitis diagnosed as other than non-A, non-B hepatitis.

The NANBV antigen of the present invention is reactive with at least one of serum from a convalescent

patient having acute NANB hepatitis and serum from a patient having chronic NANB hepatitis. That is, the

NANBV antigen peptide of the present invention is reactive with only one of the serum from a convalescent

patient having acute NANB hepatitis and the serum from a patient having chronic NANB hepatitis, or is

reactive with either of these sera. However, the NANBV antigen peptide of the present invention does not

exhibit an antigen-antibody reaction either with serum from a human clinically diagnosed as negative to

hepatitis or with serum from a patient having hepatitis diagnosed as other than NANB hepatitis. As the

hepatitis other than NANB hepatitis, hepatitis A, .hepatitis B, a cytomegalovirus-caused hepatitis and an

Epstein-Ban* virus-caused hepatitis can be*mentioned. A patient having acute or chronic NANB hepatitis is

defined as a human diagnosed, as positive to NANB hepatitis, by exclusion of infection with known hepatitis

viruses, including hepatitis A virus, hepatitis B virus, cytomegalovirus and Epstein-Barr virus according to

the methods of Oienstag, J.U "Non-A, non-3 hepatitis. I. Recognition, epidemiology, and clinical features",

Gastroenterology, 85. 439 (1883), and Oienstag, J.L, "Non-A, non-B hepatitis. II. Experimental transmission,

putative virus agents and markers, and prevention", Gastroenterology, 85, 741 (1983). Whether the NANB

hepatitis is acute or chronic can be determined by examining the flveflfssue by biopsy according to the

criterion described In Sheila Sherlock, Diseases Of The Liver And Biliary System, eighth edition, published

by Blackwell Scientific Publications, London, 1989, pp. 326-333.

On the other hand, with respect to a patient having hepatitis A, to a patient having hepatitis B, to a

patient having cytomegalovirus-caused hepatitis, to a patient having Epstein-Barr virus-caused hepatitis and

to a healthy human, diagnoses can be made according to the above-mentioned methods of Oienstag.

The NANBV antigen peptide of the present invention can be obtained, for example, by gene expression

of a DNA comprising at least one nucleotide sequence selected from the group consisting of formulae (1) to

(VI):

GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAG

AAAAGGCGAAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAA

AAAAAGCAAGGAATTC . . . ( I)

;

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAA

AGACGAAAAGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAA

AAAGGAATTC. .(II)

;

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACA

CACACAAGAAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAA

CCCAGGAAAGAACAAAAAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGG

GAGGGAAGGAAGGACGCATATCAGATTAGAAAAAGGAGGGAATTC

...(in);

GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGT

TAGCCCGCAAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTT

AATATCAAAGTGGTCGAAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTA

AGACGAATACAAACCAAAATTCTGGAATGATCATTAAAAACATTATTGATAG

6
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GTACTTAGAAGGGCAAGAGAGGAAGAAGAAAGTAATGAGAAATGCTTATGGA

AGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC . . . ( IV )

;

5 GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGA

TGGCCGTGGAATTC . . . ( V )

;

*

GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGC
10

TTGGGCGCCCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGG

TTGGCGCGGCGTACGTGTCCGGGAATTC • . • (VI )

;

19

and nucleotide sequences individually obtained by substituting at least one nucleotide of each of said

nucleotide sequences of formulae (I) to (VI) In accordance with degeneracy of genetic code.

In the above-mentioned formulae, A represents a deoxyadenylic acid residue, G a deoxyguanylic add

residue, C a deoxycytidylic acid residue and T a deoxythymidylic acid residue, and the left and right ends

20 of each of formulae (1) to (VI) represent the s'-hydroxyl group side and 3'-hydroxyl group side, respec-

tively. Trie substitution of a nucleotide of each of the above-mentioned nucleotide sequences of formulae (I)

to (VI) can be performed by the methods of, for example. SaiW et al.. Science, 230, 1350-1354 (1085). and

Saiki et at.. Science, 239, 487-481 (1988).

Of the antigen peptides mentioned above, the antigen peptide obtained by gene expression of a DNA
25 comprising a nucleotide sequence of formula (I) exhibits an antigen-antibody reaction with serum from a

convalescent patient having acute NANB hepatitis. On the other hand, the antigen peptide obtained by gene

expression of a DNA comprising a nucleotide sequence of formula (II) or (III) exhibits an antigen-antibody

reaction with serum from a patient having chronic NANB hepatitis. Further, the antigen peptide obtained,by

gene expression of a DNA comprising a nucleotide sequence of formula (IV), (V) or (VI) exhibits an antigen-

ic? antibody reaction either with serum from a convalescent patient having acute NANB hepatitis or serum from

a patient having chronic NANB hepatitis.

As is apparent from the above, the NANBV antigen peptide of the present invention is reactive with

either the serum from a convalescent patient having acute NANB hepatitis or the serum from a patient

having chronic NANB hepatitis, can easily be obtained by gene expression of a DNA comprising the

38 nucleotide sequence of formula (IV). (V) or (VI). Alternatively, the NANBV antigen peptide which is reactive

with either of the above-mentioned sera may be obtained by gene- expression of a DNA prepared by

ligating the nucleotide sequence of formula (I) to at least one of the nucleotide sequences of formulae (II)

and (111). In this case, the NANBV antigen peptide of the present invention is a fused peptide comprising two

or more of different antigen peptides. The combination of nucleotide sequences contained in the DNA for

40 obtaining the NANBV antigen peptide of the present invention is not restricted to the above-mentioned

combination but any combination of at least two of the nucleotide sequences of formulae (I) through (VI).

Accordingly, In still another aspect of the present invention, there is provided a mixed antigen

comprising at least two different non-A, non-8 hepatitis antiqen peptides.

Each of said different antigen peptides exhibits an antigen-antibody reaction with at least one member

45 selected from the group consisting of serum from a convalescent patient having acute non-A non-B

hepatitis and serum from a patient having chronic non-A non-B hepatitis, and does not exhibit an antigen-

antibody reaction either with serum from a human clinically diagnosed as negative to hepatitis or with serum

from a patient having hepatitis diagnosed as other than non-A non-B hepatitis.

The NANBV antigen peptide of the present Inven tion and the cDNA coding therefor may be prepared

50 and identified by a process comprising steps of (1) to (8) described below.

Step (1): Selection and collection of a material for extracting an NANBV RNA

» As a material for extracting the NANBV RNA, there may be used, for example, blood, lymph, ascites

and hepatocyte of an NANBV carrier, or of a human or a chimpanzee suffering from NANB hepatitis. Since

the materials derived from a chimpanzee may contain NANBV in a relatively small amount as compared to

the materials derived from a human, the use of the materials derived from human is preferred. Of the blood,

7
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lymph, ascites and hepatocytes from a human, blood can most easily be obtained in a large amount For

example, blood which is not acceptable for use as a blood for transfusion is available from a blood bank in

a large amount Such blood can advantageously be used as a material for extracting an NANBV RNA.

When blood is used as a material, blood is separated into plasma and erythrocytes. The thus obtained

5 plasma is examined to determine whether or not the plasma is negative to the surface antigen of hepatitis B

virus (WHO expert committee on virai hepatitis: Advances in viral hepatitis, WHO Technical Report Series,

602. 28-33, 1977) and negative to a genetic DNA of hepatitis B virus (Brechot C, Hadchouel, M., Scotto. J.,

Degos. F., Chamay. P.. Trepo, C, Tlollais. P.: Detection of hepatitis B virus DNA in liver and serum: a direct

appraisal of the chronic carrier state. Lancet 2: 765-788, 1981). Further, the plasma is examined with

io respect to the activities of enzymes, such as QPT (WrablewsW, F. & LaOue, J. S.: Serum glutamic-pyruvic

transaminase in cardiac and hepatic disease, Proa Soa Exp. Biol. Med*. 91. 569, 1956), GOT. guanase and

the like, which are employed as the criterion for the diagnosis of NANB hepatitis. The above-mentioned

procedures of the separation of blood into plasma and erythrocytes and the examination of the plasma are

conducted with respect to blood of different lots. The plasmas which are negative to both surface antigen

16 and genetic ONA of hepatitis B virus and exhibit extremely high activities of the above-mentioned enzymes,

for example, exhibit a QPT activity of 100 Karmen units or more, are pooled. With respect to the Karmen

unit reference may be made to WrablewsW, F. & LaDue, J. 5.: Serum glutamic-pyruvic transaminase in

cardiac and hepatic disease, Proc. Soc. Exp. Biol. Med., 01, 569, 1956.

The number of the NANB hepatitis virus in blood is extremely small as compared to that of the hepatitis

20 B virus as mentioned hereinbefore. From the results of the Infection experiment, the number of the NANB

hepatitis virus in blood is estimated to be about 1/10,000 of the number of the hepatitis B virus (Bradley,

D.W., (1985): Research perspectives in post-transfusion non-A, non-B hepatitis. In "Infection, Immunity and

Blood Transfusion", edited by Dodd. R.Y. & Barter. L.F., published by Alan R. Use, inc., New York, pp. 81-

97). Therefore, for the extraction of the RNA, it is preferred to use plasma in a large amount for example, in

25 an amount as large as about SO to 100 t. When a hepatocyte is used as a material, 1 to 3 g of a non-

cancerous portion of a liver tissue resected from a patient having hepatoma which is a complication of a

chronic NANB hepatitis may advantageously be used.

30 Step (2): Preparation of the NANBV RNA

From the material obtained in Step (1), the RNA may be extracted and purified by conventional

methods. For example, when plasma Is used as the material for extracting the NANBV RNA, plasma is

diluted with about 10 to 150 mM of a conventional buffer so that the final volume may become about 1.5 to

as 5 times the original volume. Then, the diluted plasma Is used as an original solution for the extraction and

purification of the RNA.

On the other hand, when a hepatocyte is used as a material for extracting the NANBV RNA, about 5 to

30-fold volume of a diluent containing ribonuclease inhibitor is added to the liver tissue. Then, according to

the conventional method using a homogenizer and the like, the liver tissue is crushed or disrupted to obtain

40 a homogenate of a hematocyte. Then, the homogenate is subjected to centrifugation to collect a

supernatant The collected supernatant is used as an original solution for the extraction and purification of

the NANBV RNA. The extraction and purification of the RNA may be conducted by the conventional

method, for example, an extraction method in which a mixture of a ribonuclease inhibitor, such as heparin,

diethyl pyrocarbonate and guanidine thiocyanate, with a surfactant a chelating agent or a reducing agent

46 capable of enhancing the denaturation of a protein, is used: a method in which fractionation is conducted by

density gradient centrifugation using sucrose, cesium chloride, Ficoll (Pharmacia Fine Chemicals AB.

Sweden) or the like as a solute of a gradient: a method in which separation is conducted by affinity column

utilizing the 3'-terminal poly A chain which an mRNA specifically has; a separation method in which an

RNA-bonded polysome is specifically obtained by the immunoprecipitation using an antibody specific for a

so protein synthesized on the polysome; a phenol extraction method based on a principle of two-phase

separation; a precipitation method by the use of a polyethylene glycol, a dextran sulfate, an alcohol or the

like. The above-mentioned methods may be used alone or in combination. The above-mentioned procedure

for extracting and purifying the NANBV RNA may preferably be conducted at pH 3 to 10 in order to prevent

the irreversible denaturation of the RNA.

55
*

Step (3): Preparation of a double-stranded cDNA from the NANBV RNA

Using the above-obtained NANBV RNA as a template, a cDNA may be prepared by a customary
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method. That is, using an oiigodeoxythymidine and a hexanucleotide primer as primers, and using a reverse

transcriptase, a cDNA complementary to the NANBV RNA is synthesized using the NANBV RNA as a

template to obtain a double-strand comprising the cDNA and the NANBV RNA which are complementary

bonded to each other. Then, the thus obtained double-strand is reacted with rlbonuciease H so that the

NANBV RNA is decomposed and removed from the cDNA. Thus, a single-stranded cDNA Is obtained.

Using the obtained single-stranded cDNA as a template, a double-stranded cDNA is synthesized by a DNA

synthase. The double-stranded cDNA synthesis may easily be conducted using a commercially available kit

for cDNA synthesis, for example, cONA Synthesis System Plus* (manufactured and sold by Amersham

International. England). cDNA System KM (manufactured and sold by Pharmacia LKB, Sweden), cDNA

Synthesis KM (manufactured and sold by Boehringer Mannheim GmbH, West Germany), and the like.

Step (4): Confirmation of the specificity of the synthesized cDNA for the NANBV RNA

In order to confirm the specificity of the synthesized cDNA for the NANBV RNA. the reactivity of the

cDNA with a serum from a patient having NANB hepatitis was examined. The examination may generally be

conducted using various hybridization techniques in combination. For example, the RNA's extracted from

the plasma of an NANB hepatitis patient by the method as described in Step (2) are spotted on a

nitrocellulose filter or a nylon filter. Then, the cDNA prepared in Step (3) is labeled with ^P. and the *P-

labeled cONA is used as a probe for reacting with the RNA's spotted on the filter. The specificity of the

synthesized cONA for the NANBV RNA is determined based on the positive ratio of the dot-hybridization,

i.e., the ratio of the number of the dotted RNA's which are hybridzed with the labeled cONA to the total

number of the dotted RNA's.

The ^P-labeled DNA may be prepared as follows. The double-stranded cDNA prepared in Step (3) is

subjected to thermal denaturation to obtain a single-stranded cDNA. Then, to the angle-stranded cDNAJs

added a solution containing ^P-dCTP (^P-labeled deoxycytidlne 5 -triphosphate), dNTP

(deoxyribonucleoside triphosphate) and Klenow fragment of a DNA polymerase. Then, the resultant mixture

Is incubated to thereby synthesize a KP-iabeied double-stranded cDNA.

The positive ratio with respect to the RNA's derived from the plasma of a healthy human and the

positive ratio with respect to the RNA's derived from the plasma of a hepatitis B patient are 0 % and about

0 to 3 %. respectively. On the other hand, with respect to the RNA's derived from the plasma of a hepatitis

NANB patient the positive ratio is as high as about 30 % or more, which means that the synthesized cDNA

has a specificity for the NANBV RNA. This indicates that the double-stranded cDNA obtained in Step (3)

has a nucleotide sequence corresponding to that of the NANBV RNA.

Step (5): Preparation of a cONA library

Using the cDNA prepared in Step (3). a cDNA library is prepared by a customary method. That is. the

cONA prepared in Step (3) is cut Into fragments hawing different lengths and the resultant various cDNA

fragments are individually ligatsd to replicable cloning vectors, to thereby obtain a cDNA library. As a

repticable cloning vector, any known or commercially available vectors, such as phage genes, cosmids.

plasmids and animal virus genes may be used. When a phage gene or a cosmld is used as a replicable

vector, in order to attain high stability and high transforming ability of the vector after each of the cDNA

fragments has been individually inserted therein, the in-vitro packaging of each of the cDNA-inserted

vectors is conducted by a customary method. Thus, the cDNA-inserted vectors are obtained in the form of

a recombinant phage particle. The obtained phage particles are used as a cONA library for cDNAclonlng.

On the other hand, when a plasmid Is used as a replicable vector, each of the above-mentioned cDNA

fragments is individually inserted in the plasmid vectors and the resultant cDNA-inserted vectors are then

Individually introduced Into host cells, such as cells of Escherichia coll. Bacillus subtllls. yeast or the like,

according to a customary method. The thus obtained transformants are used as a cONA library for cONA

cloning. Further, when the animal virus gene is used as a replicable vector, each of the above-mentioned

cONA fragments is individually inserted in the virus gene vectors and the resultant recombinant viruses are

then individually transfected into sensitive animal cells according to a standard method and multiplied in the

cells. In the case of the recombinant virus, the obtained recombinant viruses as such are used as a cONA

library

The preparation of the cONA library may easily be conducted using a commercially available kit. for

example. cDNA cloning system xgt10 and vgtll (manufactured and sold by Amersham International.

England: BRL Inc.. U.S.A.: and Stratagene Inc.. U.SA). in-vitro packaging system (manufactured and sold

9
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by Amersham international, England, and BRL Inc., U.SA) and the like.

Step (6): Cloning of a cONA containing an NANBV gene from the cDNA library

s In this step, a cDNA clone containing an NANBV gene is obtained. When the cONA library is comprised

of transformants, the transformants are cultured on a standard agar medium to form colonies. On the other

hand, when the cONA library is comprised of recombinant phage particles or recombinant viruses, these

phage particles or recombinant viruses are used to infect known sensitive host cells, such as Escherichia

coli, Bacillus subtilis, yeast animal cell culture and the tike, and cultured to form a plaque, or to multiply the

10 infected cells. The above-obtained transformant colonies, plaques or infected cells are subjected to

immunoassay by a standard method using a serum from a convalescent patient having acute NANB

hepatitis and a serum from a patient having chronic NANB hepatitis individually, so that colonies, plaques or

infected ceils which have produced an NANBV antigen specifically reacted with at least one of the above-

mentioned sera are selected and isolated. For the strict selection of the colonies, plaques and infected cells,

rs it is preferred that the above procedure be repeated. From each of the thus selected and isolated colonies,

plaques or the infected celts, a cDNA clone containing an NANBV gene is isolated according to a standard

method described in T. Manfatis et al.. Molecular Cloning, A Laboratory Manual, published by Cold Spring

Harbor Laboratory, U.SA, pp. 309-433 (1982).

The immunoassay may be conducted by, for example, an enzyme-labeled antibody technique in which

20 an antibody labeled with an enzyme, such as peroxidase and alkaline phosphatase, is used; and a

fluorescent antibody technique irr which an antibody labeled with fluorescein isothiocyanate, europium or

the like is used. It is preferred that the immunoassay by the above-mentioned technique be conducted by

an indirect method because with the indirect method, high sensitivity immnbassay can be attained even by

the use of an extremely small amount of a serum from a patient As a primary antibody to be used in the

25 indirect method, a serum from a patient having NANB hepatitis or a serum from a chimpanzee having

NANB hepatitis may preferably be employed because these sera contain an antibody against an NANBV

antigen in relatively large amount As a secondary antibody to be used in the Indirect method, a

commercially available anti-human Ig antibody labeled with an enzyme, a fluorescent substance or the (Ike

may be used.

30 A specimen to be subjected to immunoassay may be prepared according to a conventional method, for

example, a blotting method in which nucleic acids and proteins of the colonies, plaques and infected cells

are adsorbed on a filter membrane, a method in which a microplate or a slide glass for microscopy is used,

or the like. When the blotting method is used in combination with an Indirect enzyme-labeled antibody

technique, the selection of the intended colonies, plaques of infected cells from an extremely targe number

& of the original colonies, the original plaques or the original infected ceils can be conducted easily and

promptly. In this case, blotting Is conducted by contacting a commercially available, filter made of

nitrocellulose, cellulose acetate, nylon or the like, with the colonies, the plaques or the infected cells.

In this step, it is preferred to determine the nucleotide sequence of each of the obtained cONA clones.

The determination of the nucleotide sequence of the cONA clone may generally be conducted according to

40 a conventional method, for example, the Maxam-Oilbert method, the dideoxy chain termination method

(Analytical Biochemistry, 152, 232-238, 1986), or the like.

The cONA clones are preferably classified into groups according to the respective properties of the

NANBV antigen peptides coded for by the cONA clones in order to Identify clones from one another. In this

connection, it has been found that some of NANBVs have an ability to cause a tubular structure to be

45 formed in the cytoplasm of a hepatocyte of a chimpanzee, and some of NANBV do not have such an ability

(Science, 205, 197-200. 1979). Therefore, the cONA clones may be identified and classified by examining

the serological reactivity of each cDNA clone with a serum from a chimpanzee infected with an NANBV of

the type which causes a tubular structure to be formed in the cytoplasm of the hepatocyte of the

chimpanzee, and a serum from a chimpanzee infected with an NANBV of the type which does not cause a

so tubular structure to be formed in the cytoplasm of the hepatocyte of the chimpanzee. The examination of

this serological reactivity may be conducted by immunoassay mentioned above.

*

Step (7): Expression of the cONA clone con taining an NANBV gene and mass-production of an NANBV

55 antigen peptide

In order to express the cloned cDNA containing an NANBV antigen gene to produce an NANBV antigen

peptide on a commercial scale, part or whole of the cloned cONA present in the cONA clone is taken out
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from the replicable cloning vector and recomblned with a replicable expression vector. Illustratively stated,

part or ail of the cDNA of each cONA clone is cut off using a restriction enzyme to obtain a DNA fragment

containing an NANBV antigen gene (hereinafter referred to as "NANBV DNA fragment"). The NANBV DNA
fragment is then inserted in a replicable expression vector by a customary method. When one DNA

s fragment is inserted in an expression vector, one type of antigen peptide can be produced by gene

expression. When two or more of different DNA fragments are inserted in sequence in an expression vector,

an antigen peptide can be produced by gene expression in the form of a fused peptide comprising peptides

coded for by the inserted DNA fragments.

As the replicable expression vector which may be used in this step, any conventionally known or

10 commercially available expression vector can be used. Examples of expression vectors include plasmid

vector pSN508 for enterobacteria (U.S. Patent No. 4,703,005), plasmid vector pBHl03 for yeast and its

series (Japanese Patent Application Laid-Open Specification No. 63-22098), plasmid pJM105 (Japanese

Patent Application Laid-Open Specification No. 02-286930), an attenuated chicken pox virus gene

(Japanese Patent Application Laid-Open Specification No. 53-41202), an attenuated Marek's disease virus

1$ (The Journal of Japanese Sodety of Veterinary, 27, 20-24 (1974), and Qan Monograph on Cancer

Research. 10, 91-107 (1971)), plasmid pTTQ series (manufactured and sold by Amersham International,

England), plasmid pSLV series (manufactured and sold by Pharmacia LKB, Sweden), and the like.

The NANB DNA-inserted expression vectors are individually introduced or transfected into host cells

sensitive to the vector according to a conventional method, to obtain transformants. Then, from the

20 transfbrmants, the transfbrmant(s) which has produced an NANBV antigen peptide is selected. The

production of an NANBV antigen peptide may be detected by the Immunoassay mentioned above in Step

(6). When an animal virus gene is used as an expression vector, a recombinant virus having an NANBV
antigen peptide on the surface thereof may be obtained. Such a recombinant virus may advantageously be

used as a raw material for a multifunctional vaccine having not only an antigenicity inherent in the virus-

25 vector but also an antigenicity of the NANBV.

By culturing the transformant or the recombinant virus obtained above according to a customary

method, an NANBV antigen peptide can be produced in the culture of the transformant or the recombinant

virus on a commercial scale.

30

Step (8): Purification of an NANBV antigen peptide

The NANBV antigen peptide produced in the culture of the transformant or recombinant virus may be

purified using an appropriate combination of customary techniques selected from, for example, salting-out

35 adsorption and desorption using a silica gel, an activated carbon or the like; precipitation by an inorganic

solvent; fractionation by ultracentrifugation; ion exchange chromatography; affinity chromatography; high-

performance liquid chromatography; electrophoresis, and the like.

When the NANBV antigen peptide is purified from the culture of an E. coil transformant or a yeast

transformant from a viewpoint of the effective removal of allergens derived from E. coll and yeast which

40 cause the quality of the final product of the NANBV antigen peptide to be markedly lowered, it is preferred

that the purification be conducted by, for example, the steps of adsorption and elution using a silica gel,

removal of impurities by adsorption on an activated carbon, and density gradient centrifugation in this order

(Japanese Patent Application Laid-open Specification No. 63-297). When the NANBV antigen peptide is

purified from the culture of a recombinant virus, e.g., the culture of a recombinant virus-infected cells, a

45 high purity NANBV antigen peptide can be obtained by subjecting a crude solution containing the antigen

peptide to purification by ultracentrifugation and density gradient centrifugation repeatedly.

Thus, a solution containing a purified NANBV antigen peptide of the present invention is obtained. If

desired, the solution may be lyophilized to obtain a purified NANBV antigen peptide in a dry form.

The mixed peptide antigen of the present invention may be obtained by mixing at least two different

so types of the NANBV antigen peptides obtained by gene expression of at least two different types cDNA's

having different nucleotide sequences.

The purified NANBV antigen peptide of the present invention is useful as a diagnostic agent for

diagnosing NANB hepatitis. Accordingly, in still a further object of the present invention, there is provided a

method of diagnosing non-A, non-B hepatitis, which comprises:

56 contacting serum from an unknown patient with a non-A, non-B hepatitis virus antigen peptide which peptide

exhibits an antigen-antibody reaction with at least one member selected from the group consisting of serum

from a convalescent patient having acute non-A, non-B hepatitis and serum from a patient having chronic

non-A, non-B hepatitis, and does not exhibit an antigen-antibody reaction either with serum from a human

11
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clinically diagnosed as negative to hepatitis or with serum from a patient having hepatitis diagnosed as

other than non-A, non-B hepatitis;

determining whether said serum reacts with said non-A, non-B hepatitis virus antigen peptide; and

classifying said serum as positive or negative to non-A, non-B hepatitis based on said reactivity.

s The contact of serum from a patient with the NANBV antigen peptide of the present invention may be

conducted in substantially the same manner as described in Step (8) mentioned above, except that a serum

from a patient who is not determined as to whether or not the patient is an NANB hepatitis patient is used

instead of the serum from a patient having NANB hepatitis.

The NANBV antigen peptide of the present invention for use in the above-mentioned method may be

io prepared as follows. The purified NANBV antigen peptide solution in Step (8) mentioned above is put in a

vessel such as a vial and an ampul and sealed. The antigen peptide solution put in a vessel may be

lyophilized before sealing in the same manner as mentioned above. The amount of the NANBV antigen

peptide put in a vessel is generally about 1 HQ to about 10 mg. Alternatively, the NANBV antigen peptide

may also be adsorbed on the surface of a customarily used support such as a microplate, polyethylene

15 beads, filter paper or a membrane.

The determination of the reactivity of the serum with the NANBV antigen peptide may be conducted in

substantially the same manner as described in Step (6) mentioned above. That is, the determination of the

reactivity may be conducted by a conven tional immunoassay method, such as radioimmunoassay (RIA),

enzyme-finked immunosorbent assay (BJSA), fluorescent antibody technique (FA), passive haemag-

20 glutination (PHA), reversed passive haemagglutination (rPHA) and the like. The amount of the NANBV

antigen peptide to be used for the above immunoassay is generally from about 0.1 to about 100 mg/ml of

serum. Particularly, the amounts of the NANBV antigen peptide to be used for RIA, EUSA, FA, PHA and

rPHA are generally from 0.1 to 1 mg/ml, from 0.1 to 1 mg/ml, from 1 to 100 mg/ml, from 1 to 50 mg/ml and

from 1 to 50 mg/ml, respectively.

25 The NANBV antigen peptide of the present invention may also be used for screening blood for

transfusion. Accordingly, in still a further aspect of the present invention, there is provided a method for

screening a blood for transfusion, comprising:

a) isolating serum from whole blood;

b) contacting a serum of an unknown blood with non-A. non-B hepatitis virus antigen peptide which

jo exhibits an antigen-antibody reaction with at least one member selected from the group consisting of serum

from a convalescent patient having acute non-A, non-B hepatitis and serum from a patient having chronic

non-A. non-B hepatitis, and does not exhibit an antigen-antibody reaction with serum from a human

clinically diagnosed as negative to hepatitis and with serum from a patient having hepatitis diagnosed as

other than non-A, non-B hepatitis;

as c) determining whether said serum reacts with said non-A, non-B hepatitis virus antigen peptide;

d) classifying said serum as positive or negative to non-A, non-B hepatitis based on said reactivity;

and

e) effecting separation of the blood in accordance with said identification.

The contact of serum of an unknown blood with the NANBV antigen peptide of the present invention,

40 and the determination of the reactivity of the serum of the blood with the NANBV antigen peptide may be

conducted in the same manner as mentioned above with respect to the method for diagnosing NANBV

antigen peptide. By the present method, a blood for transfusion free from the NANBV can be selected.

Further, the NANBV antigen peptide of the present invention may advantageously be used as an active

ingredient of a vaccine for NANB hepatitis. The vaccine for NANB hepatitis may be prepared as follows.

45 The culturing of a transformant containing a recombinant phage or plasmid carrying the cDNA coding for

the NANBV antigen peptide, or a ceil infected with the recombinant virus carrying the cDNA coding for the

NANBV antigen peptide Is conducted in the same manner as described above to produce the NANBV

antigen peptide in the culture. For detoxifying the NANBV antigen peptide in the culture to secure the safety

of the antigen peptide and for fixing the antigen peptide to stabilize the immunogenicity and the antigenicity

so of the antigen peptide, it is preferred to add a conventional inactivating agent to the culture of the

transformant or recombinant virus-infected cell, or to a culture medium obtained by removing the transfor-

mant cells or the recombinant virus-infected ceil. For example, an inactivating agent such as formalin, may

be added In an amount of from 0.0001 to 0.001 v/v%, followed by incubation at4to37*Cfor5to90 days.

Then, the resultant culture or culture medium is subjected to purification in the same manner as mentioned

55 above. Thus, an original NANB hepatitis vaccine solution containing the purified NANBV antigen peptide is

obtained.

The original NANBV hepatitis vaccine solution is filtered using a microfllter by a standard method to

sterilize the solution. The filtrate is diluted with physiological saline so that the protein concentration is about
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1 to about 500 ag/ml as measured by the Lowry method. To the resultant solution is then added rtmbtum

hydroxide gel as an adjuvant so that the concentration of the added gel becomes about 0.1 to about 1.0

mo/ml. As an adjuvant, there may also be employed precipitating depositary adjuvants such as calcium

phosphate gel. aluminum phosphate gel. aluminum sulfate, alumina and bentonite. and

ErtSng adjuvants such as muramyl peptide derivatives, polynucleotides. Krestin* t™**^" 1*^
by Kureha Chemical Industry Co.. Ltd.. Japan) and picibanii (both of wh.ch are an antineoplastic agent)

FurSTto the mixture, at least one stabilizing agent may be added As the agent any

commenrfally available stabilizing agent may be used. Examples of stabilizing agents gt£" and

hydrolysates thereof, albumin, saccharides such as glucose, fructose, galactose, sucrose and lactose, and

> amino acids such as glycine, alanine, lysine, arginine and glutamine.

men. the thus obtained NANB hepatitis vaccine solution containing a^^J^S'SSZ
oeotide is separately poured Into a small vessel, such as an ampul and a vial, and sealed. Thus, there is

5Xd. pu^aZbed NANB hepatitis vacdne comprising an adsorbed NANBV antigen IP-**

The NANB hepatitis vaccine solution thus obtained may be lyophilized to obtain the NANB hepatitis

, vacate iTa drieTform so that the product can be transported to and stored at a^ * severe

atmosphere for example, in an area In the tropics. The lyophlllzatlon may generally be conducted

^ a^aX method after me Bquid adsorbed NANB hepatitis vaccine is put in a ve^elsuchaa

a vial and an ampul. After ryophiilzatJon. a nitrogen gas Is introduced In the vessel containing the dried

vaccine, followed by sealing. Incidentally, the quality of the vaccine produced is examined hi accwdance

0 wtth -Adsorbed Hepatitis B Vaccine". "Dried Japanese Encephalitis Vaccine", and "Adsorbed Pertussis

V^n^Sed tor in Notification No. 169 of the Ministry of Health and Welfare. Japan. "Minimum

Requirements for Biological Products". . 0 „
>ne NANB hepatitis vaccine may be prepared in the form of a mixed vacdne which contains an

adsorbed NANBV antigen peptide mentioned above and at toast one antigen other than the present NANBV_

» antigen peptide. As the antigen other than the present NANBV antigen peptide, there may be employed any

antigensShat are conventionally used as active ingredients of the corresponding vaccines .nsofar as the side

2, and adverse reactions caused by such other antigen, and the NANBV ^gen p^deare not

additively or synergistically Increased by the use of the NANBV antigen peptide and such other antigens m

combination and Se antigenicities and immunogenics of the NANBV antigen andjmch otiw

m antiaens are not reduced by the interference between the NANBV antigen peptide and other antigens. The

„2uT.ESt^f the antigen, which may be mixed with the NANBV antigen peptides no.^rrnted

SaTaV the side effects and adverse reaction, are not increased additively or synerglsttcal^ and me

antigenicity and immunogenldty of each of me NANBV antigen peptide and such antigens ^reduced

as mentioned above. Generally, two to sbc types of antigen, may be mixed wtth me NANBV antigen

„ Sptidt&ampleTof antigen, which may be mixed with me present NANBV antigen peptide .ndude

SKed aZns. inactivated antigens or toxoids which are derived from Japanese encephalrtt, vjus.

HFflS (hernonnagie fever with renal syndrome) virus. Influenza virus, parainfluenza v.ru». hepatitis B virus,

dengue fever virus. AIDS virus. Bordetella pertussis, diphtheria bacillus, tetanus bacillus, meningococcus.

<o ^STe^' comprising me NANBV antigen peptide of me present invention may be

contained and sealed In a vial, an ampul or the like. The vacdne of me present invention may^generally be

administered in me form of a .Iquid or suspension. In the case where the vaeaneia In a dried form, me

vacdne is dissolved or suspended In sterilized distilled water before administration, the amount of me

distilled water beina such mat me volume becomes me original volume before being subiected to

« %£^£Z*& vacdne may be administered subcutaneous*. TneJose of thejanjH**

pawn may generally be about 0.5 ml. In general, me dose of me vacdne per child may be half as much

aTSU of me^acdne per aduft. The vacdne may generally be administered twice at an Interval of about

one week to one month and then, about half a year later, administered once more.

SZeT me SaNBV antigen peptide may be used for preparing an antibody, such as a potyc onal

so antiSJ^ a ZrtnTLw. spedficfor me NANBV antigen peptide. For examp£ja £.yc£na.

Antibody specific for me NANBV antigen peptide may be prepared by a conventional ^°d a,Wtows.

The punfieS NANBV antigen peptide of me present invention i,'"^^^^^^^
intraperitoneally or intravenously to an animal, such as mouse, guinea pig ™9 '^>°°J*l
NA^wtigen peptide is generally conducted several times at intervals of 1 to 4 weeks to mereby

ss comolete^immurS me animal. In order to enhance the immunizing effect a conventional and cornmer-

3 a^UraXant may be used. Then, blood serum is collected from me immunized animal and an

S N^g«T0de pdyclona. antibody to isolated and purified from me blood serum according to

a standard method.
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On the other hand, a monoclonal antibody specific for the NANBV antigen peptide may be prepared by

a conventional method as described in, for example, Ceil Technology, 1, 23-29 (1982). For example, the

splenic cells obtained from a mouse immunized with the purified NANBV antigen peptide are fused with

commercially available mouse myeloma cells by cell fusion technique, to obtain hybridomas. The

5 hybridomas are screened to obtain a hybridoma capable of producing an antibody reactive with the NANBV

antigen peptide. The obtained hybridoma is cultured in a standard method. From the supernatant of the

culture, an anti-NANBV antigen peptide monoclonal antibody is isolated and purified by a standard method.

The above-mentioned polyclonal antibody and monoclonal antibody may also be used as a diagnostic

agent for diagnosing NANB hepatitis. The diagnosis of NANB hepatitis using the antibody may be

io conducted by immunoassay in substantially the same manner as mentioned above with respect to the

diagnosis of NANB hepatitis using the NANBV antigen peptide. By the use of the potydonaJ antibody or the

monoclonal antibody, the identification and quantification of the NANBV antigen peptide present in a liver

tissue and blood can be conducted.

The cONA of the present invention coding for the NANBV antigen peptide may also be used for

75 diagnosing NANB hepatitis by hybridization technique. That is, the cONA coding for the NANBV antigen

peptide is labeled with, for example, biotin, alkaline phosphatase, radioisotope SP or the like and used as a

probe for hybridization. The cDNA to be used for the diagnosis may be prepared by a standarad method,

for example, as follows. The recombinant phage containing the NANBV cDNA obtained in Step (6)

mentioned above is digested with an appropriate restriction enzyme to cut off the DNA fragment containing

20 the NANBV cDNA. The obtained DNA fragment is ligated to a commercially available repiicable cloning

plasmid to obtain a recombinant piasmid containing the DNA fragment The recombinant plasmid is

introduced in a host cell to form a transformant and the transformant Is cultured to multiply the recombinant

piasmid. The multiplied recombinant plasmid is isolated from the transformant and digested with a

restriction enzyme. The resultant digest is subjected to lowmeling point agarose gel electrophoresis to

2s isolate and purify the cDNA coding for the NANBV antigen peptide. The thus obtained cONA is labeled with

biotin, alkaline phosphatase, radioisotope nP or the like. The labeling of the cONA may be conducted by

using a commercialiy available nick translation kit or muttiprime kit (manufactured and sold by, for example.

Amersham International, England; Nippon Gene Co., Ltd., Japan; and the like). The labeled cONA is put in a

vessel, such as a vial or an ampul, and sealed. The amount of the labeled cONA put in a vessel is generally

30 1 to 100 ag per vessel. The labeled cONA may be contained In the vessel in the form of a solution.

Alternatively, the labeled cONA may be contained in the vessel in a lyophilized state, The diagnosis of

NANB hepatitis by the use of the labeled cONA is conducted by a standard hybridization method. That is, a

plasma, a serum or leukocytes obtained from a patient Is placed in contact with the labeled cONA and an

RNA hybridized with the labeled cONA is detected. The detection of the RNA hybridized with the labeled

35 cDNA may be conducted by a standard method. When the cONA is labeled with an enzyme, the detection

is conducted by enzyme immunoassay. When the cONA is labeled with a radioisotope, the detection is

conducted by, for example, scintillation counting.

The NANBV antigen peptide of the present Invention is specifically reactive with the NANBV. Therefore,

when the NANBV antigen peptide is used as a diagnostic agent the diagnosis of NANB hepatitis can be

40 conducted easily with high reliability. Further, when the NANBV antigen peptide of the present invention is

used for screening blood for transfusion, blood which is infected by NANBV can be selected easily with

high reliability and removed from blood not infected by NANBV. Therefore, the post-transfusion NANB

hepatitis can be prevented.

Further, the NANBV antigen peptide of the present invention may advantageously be used as an active

45 ingredient of a vaccine for preventing NANBV hepatitis.

Further, by the use of the NANBV antigen peptide of the present invention, an antibody, particularly

monoclonal antibody, specific for NANBV can easily be prepared. The antibody specific for NANBV can

advantageously be used as not only a diagnostic agent for diagnosing NANB hepatitis, but also an active

ingredient of a vaccine for treating NANB hepatitis.

so Further, the NANBV antigen peptide of the present invention Is not produced by the infection of an

animal with a virus, but produced by gene expression of the DNA coding for the present antigen peptide in

a host ceil. Hence, the possibility of infection during the steps for production of the present antigen peptide

is substantially eliminated. Also, the production cost can be decreased. Moreover, since all of the materials

used in the produc tion process, e.g., medium for the incubation system, are well-known In respect of the

55 composition and construction thereof, purification is facile and an antigen peptide product having high purity

can be obtained.

The present invention will now be described in detail with reference to the following Examples, which

should not be construed to be limiting the scope of the present invention.
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Example 1

Step 1 (Extraction of a plasma RNA for preparing cONA)

5

To 70 I of plasma which has a QPT activity of 100 Karmen/t or more (as measured by the method of

WroblewsW, F. & LaDue, J. S.: Serum glutamic pyruvic transaminase in cardiac and hepatic disease, Proc.

Soc. Exp. Biol. Med.. 91: 569, 1956) and is negative to the surface antigen and DNA of hepatitis B virus (as

measured by the method of Brechot, C, Hadchouel, M. ( Scotto, J , Degos, F.. Chamay, P.. Trepo. C
to Tiollais, P.: Detection of hepatitis B virus DNA in liver and serum: a direct appraisal of the chronic carrier

state. Lancet 2: 765-788. 1981) was added an equal volume of an aqueous diluent containing 50 mM Tris-

HCI and 1 mM EDTA (pH 8.0). The resultant mixture was subjected to continuous flow centrtfugatlon at

7,400 x g, 4 " C at a flow rate of 300 ml/min to obtain a supernatant The supernatant was subjected to

sucrose density gradient centrtfugatlon using a sucrose density gradient of 0 to 60 % (w/v), at 90,000 x g, 4

rs
" C at a flow rate of 100 mi/hour by means of a zonal centrifuge (manufactured and sold by Electro

Nucleonics, U.SA) to conduct the fractionation of the supernatant Thus, there were obtained a precipitate

fraction, a first fraction containing substances of a specific gravity of 1.17 to 1.29, a second fraction

containing substances of a specific gravity of 1.12 to 1.17 and the uppermost fat-containing layer as a third

fraction. Each of the fractions was subjected to dialysis against a solution containing 25 mM Tris-HCI (pH

20 8.0) and 0.5 mM EDTA to remove the sucrose. After lyophilizing each of the dialyzed fractions, each of the

fractions was dissolved in 20 ml of a solution containing 4 M guanidine thiocyanate, 20 mM sodium citrate

(pH 7.0), 0.5 % sarcosine and 0.1 M 2-mercaptoethanol (RNA Solution A).

In order to extract RNA, 1/10 volume of 2 M acetic add buffer (pH 4.1) was added to the above-

obtained RNA solution A and, further added 300 tig of a pory C (manufactured and sold by P*L

25 BiochemicaJs Co., Ltd.. Sweden) as a carrier RNA. To the mixture was added a phenol containing

chloroform and isoamyl alcohol to extract a nucleic acid in an aqueous layer. To the thus obtained aqueous

layer was added an equal volume of isopropanol to precipitate the nucleic acid. The obtained precipitate

was dissolved In 2 M acetic add buffer (pH 4.1) containing 0.2 ml of 4 M guanidine thiocyanate. Then, an

equal amount of isopropanol was added to the resultant buffer solution to predpitate the nucleic add. The

30 resultant predpitate was stored at -70 * C in 75 w/w% ethanol.

Further, in order to remove a DNA which was co-present together with the nucleic acid, the nucleic add

was treated with a deoxyribonudease (DNase) (manufactured and sold by Prpmega Biotex, U.3A) which

had been subjected to affinity chromatography using a column packed with 5 -(4-aminophenylphosphoryl)-

.urldine-2 (3')-ph03phate agarose (manufactured and sold by Promega Biotex, Mites-Yeda Lab., U.SA) to

3S completely remove rebonuclease (RNase) therefrom. Thus, the co-present DNA was digested and removed.

Further, for removing the poly C added as a carrier RNA from the nucleic add, the nucleic acid was

subjected to affinity chromatography using oiigo (dQ) cellulose column (manufactured and sold by

Pharmada Fine Chemicals AB, Sweden, type 7, 2 gm) to obtain a fraction containing the nucleic add. Then,

the obtained fraction was applied to a column packed with NENSORB (manufactured and sold by E.I.

40 DuPont De Nemours and Company, U.SA) and lyophilized, to thereby obtain a purified RNA.

Step 2 (Preparation of a double-stranded cDNA)

45 A double-stranded cONA was prepared from the above-obtained RNA using a commercially available

cDNA synthesis kit (manufactured and sold by Amersham International. England). Illustratively stated, 1 ug

of the purified RNA prepared in Step 1 of Example 1 and 8 ill of a standard solution attached to the kit

were put in a reaction tube. Then, to the mixture was added an oligo (dT) primer, 20 uCi of (or»P)dCTP

and 20 units of a reverse transcriptase. Then, the above-mentioned standard solution was added to the

so mixture in an amount such that the total volume of the resultant mixture became 20 ill. The mixture was

incubated at 42 ' C for 40 min to advance a reaction. Then, the reaction tube containing the mixture was

cooled in ice water. For synthesizing the second cDNA strand, to the mixture In the reaction tube cooled in

ice water were added 37.5 ti\ of a buffer for the double-stranded cONA synthesis, which is attached to the

kit 20 uCi of (a-^PJdCTP, 0.8 unit of Escherichia coll ribonuclease H and 23 units of Escherichia coil DNA

55 poly merize I. Then, distilled water was added to the mixture in an amount such that the total volume of the

resultant mixture became 100 ul. The thus obtained mixture was Incubated at 12 C for 60 min and, then,

incubated at 22 * C for 80 min and further Incubated at 70 * C for 10 min. To the resultant mixture were

added 2 units of T4 DNA polymerase and the mixture was Incubated at 37 C for 10 min to advance a
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reaction. Then, 4 til of a 0.25 M aqueous EDTA (pH 8.0) was added to the resultant mixture to terminate the

reaction.

To 104 ul of the above-obtained reaction mixture was added an equivolume of a mixture of phenol and

chloroform (1:1, v/v) and sufficiently mixed together. The mixture is then centrifuged at 10,000 rpm for 1

s min and an aqueous layer was collected. To the above-obtained aqueous layer, a mixture of phenol and

chloroform was added and centrifuged in the same manner as mentioned above to obtain an aqueous layer.

Then, an equivolume of chloroform was added to the aqueous layer and sufficiently mixed together,

followed by centrifugation for several seconds to obtain an aqueous layer. To the obtained aqueous layer

was added an equivolume of 4 M aqueous ammonium acetate and further added a 2- fold volume of cold

to ethanoi (-20
* C) to form a cONA precipitate. The mixture was then centrifuged at 15,000 rpm for 10 min to

collect the precipitate. The thus obtained precipitate was dissolved in 50 uM of 2 M aqueous ammonium

acetate. 100 ul of cold ethanoi was added to the .solution to precipitate a cONA, followed by centrifugation

to collect the precipitate. The collected precipitate was dried and dissolved in 20 ul of a TE buffer

containing 10 mM Trls-HCl (pH 8.0) and 0.1 mM EDTA, and stored at -20 * C. The precipitate comprises a

is plurality of cONA's complementary to different portions of the RNA obtained In Step 1 of Example 1

.

Step 3 (Preparation of ^-labeled cONA probes)

20 25 ng of the cONA precipitate prepared in Step 2 of Example 1 was heated at 100 * C for 5 min and

immediately cooled, to thereby form a single-stranded DNA. To the single-stranded DNA were added 20 ug
of bovine serum albumin, 50 CI of ^P-dCTP (3000 Ci/mmol), 1 mmol dNTP (not containing dCTP), 5 ug of

a random hexanucleotide and 2 units of a DNA polymerase I (Wenow fragment) and the total volume of the

resultant mixture was adiustad to 50 ul by the addition of a TE buffer. The resultant mixture was incubated

as at 42 * C for 20 min to advance a reac tion, and immediately applied to a column packed with Sephadex

G50 (manufactured and sold by Pharmacia Fine Chemicals AB, Sweden) to thereby remove an unreacted

ttp-dCTP. Thus, ^P-labeled cDNA probes were obtained.

30 Step 4 (Detection of NANBV nucleic add by dot hybridization)

Using sera from healthy human adults (10 samples), sera from patients having hepatitis B (20 samples)

and sera from patients having NANB hepatitis (60 samples), whether or not the nucleic acid of the NANBV
in the serum can be detected using the MP-Iabeied cONA probes obtained in Step 3 of Example 1 was

35 examined by dot hybridization as follows.

10 ml of each serum was added an equivolume of a diluent containing 50 mM Tris-HCI (pH 8.0) and 0.1

mM EDTA, and subjected to centrifugation at 100,000 x g for 6 hours to thereby obtain a precipitate. The

thus obtained precipitate was dissolved in 0.2 ml of a solution containing 4 M guanidlne thiocyanate

mentioned in Step 1 of Example 1. To the resultant solution were added 8 ug of poly C and 20 ul of 2 M
40 aqueous sodium acetate (pH 4.1), followed by phenol extraction and fsopropyf alcohol precipitation to obtain

a precipitate. The thus obtained precipitate was dissolved In the above-mentioned solution containing 4 M
guanidine thiocyanate, followed by isopropyl alcohol precipitation to obtain a precipitate. The thus obtained

precipitate was dissolved in 0.2 ml of a TE buffer containing 10 mM Tris-HCI (pH 8.0) and 0.1 mM EDTA.

Further, the resultant solution was passed through the above-mentioned oligo(dG) column and NENSORB
45 column successively, and to the resultant eluate was added formamide so that the formamfde concentration

of the resultant addition became 15 % by weight and, further added an equivolume of 20 x SSC solution (3

M sodium chloride and 0.3 M sodium citrate). The thus obtained mixture was heated at 50 * C for 15 min

and immediately cooled in ice. The resultant mixture was spotted on BIODAIN nylon filter (manufactured

and sold by Pall Co., U.S.A.). Then, the nylon fitter was subjected to baking at 80 " C for 2 hours. The

so resultant filter was treated with a prephybridization solution containing 50 w/w% formamide, 5 x SSC, 5 x

Denhart 50 mM phosphate-citrate buffer (pH 6.5), 1 w/w% gliclne and 100 ug/ml salmon sperm DNA at 42
* C for 6 hours and the solution was discarded. On the other hand, the ^P-tabeled cDNA probes prepared

in Step 3 of Example 1 was added to a prehy brldlzation solution as mentioned above. The above-obtained

filter was put into the above-obtained prehybridization solution containing the ^P-tabeled cDNA probes and

55 incubated at 42 * C for 22 hours to conduct hybridization. Then, the resultant filter was washed with a 2 x

SSC solution containing 0.1 % SDS four times and, further washed with a 0.1 x SSC solution containing 0.1

% SDS twice. The washed filter was dried and subjected to autoradiography to determine whether a nucleic

acid hybridized with "P-labeted cONA probes is present (positive) or not (negative). The results are shown
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in Table 1. The results show that by the use of the cONA probes, i.e., the ^P-labeled cONA probes

prepared from the purified RNA of Step 1 of Example 1, the nucleic acid of the NANBV was specifically

detected at high positive ratio (the ratio of the number of positive samples to the number of samples

examined).

5

Table 1

t

The number of

samples examined

The number of

positive samples

Positive

ratio (%)

Healthy human adult 10 0 • 0

Patients having hepatitis 8 20 1 5

Patients having NANB hepatitis 60 24 40

Step 5 (Preparation of a cONA library using Xgt11 phage)

Using a commerciaJly available cONA cloning kit (manufactured and sold by Amersham International,

England), the cONA library was prepared as follows.

*

(i) Preparation of EcoRI linker-tailed cDNA's

To 200 ng of the cONA precipitate prepared in Step 2 of Example 1 was added 4 ul of a M-buffer and 2

ul of 1 x SAM solution, both of which were provided with the above-mentioned kit Then, distilled water was

added to the above-obtained solution so that the total volume of the resultant solution became 20 ul. To the

thus obtained solution was added 4 units of EcoRI methylase and incubated at 37 * C for 60 min. Then, the

resultant reaction solution was heated at 70 "C for 10 min to form a methylated cONA. For adding an

ECORI linker to the ends of the methylated cONA, 3 ul of L-buffer and 2 ul of EcoRI linker, both of which

were- attached to the kit were added to the above-obtained solution containing the methylated cONA. Then,

distilled water was added to the solution so that the total volume of the resultant solution became 30 ul. To

the solution were added 5 units of T4 DNA ligase and the mixture was incubated at 15 * C for 18 hours. The

resultant solution was heated at 70 * C for 10 min to inactivate the ligase. Further, 10 ul of E-buffer attached

to the kit was added to the solution and distilled water was added so that the total volume of the resultant

solution became 100 ul. To the solution, 100 units of a restriction enzyme EcoRI were added and the

mixture was incubated at 37 * C for 5 hours to advance a reaction. Then, the reaction mixture was heated at

70 *C for 10 min to terminate the reaction. For removing the surplus of the EcoRI linker remaining

unreacted, .the obtained solution was applied to a column attached to the kit and a fraction containing the

cONA was collected. To the fraction was added 1/10 volume of 3 M aqueous sodium acetate and 2.5-fold

volume of cold ethanol, and the resultant mixture was cooled at -20 * C to precipitate the EcoRMailed

cDNA's. The precipitated cDNA's were collected and dissolved in STE-buffer provided with the kit at a

cONA concentration of about 50 ng/ul. (it) Insertion of the EcoRI linker-added cDNA to Xgt1 1 phage

To 50 ng of the EcoRI linker-tailed cDNA's were added 2 ul of a xgtl 1 arm DNA and 1 ul of L-buffer,

both of which were provided with to the kit Then, distilled water was added to the mixture so that the total

volume of the resultant solution became 10 ul. Further, 2.5 units of T4 ONA ligase were added to the

mixture, followed by incubation at 15 * C for 18 hours to thereby prepare recombinant xgt11 DNA's.

(ill) In-vitro packaging of the recombinant Xgt11 DNA

.To the solution containing the recombinant Xgtll DNA's prepared above were added 10 ul of solution

(A) and 15 ul of solution (B). both of which were provided with the kit, and the mixture was incubated at 20
" C for 2 hours to form recombinant phages. To the resultant mixture was added 0.5 ml of SM-buffer

provided with the kit and, further added 10 ul of chloroform. The thus obtained mixture was stored as a

cDNA library at 4 * C.
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Step 6 (Cloning of a cDNA clone containing the nucleic acid of NANBV from the cONA library)

Escherichia coli strain Y1090 provided with the same cDNA cloning kit as used in Step 4 of Example 1

was cultured at 37 * C In 50 ml of an LBM medium containing 1 w/v% trypton, 0.5 w/V % yeast extract, 1

5 w/v% sodium chloride and 50 ug/ml ampicillin. When the cells of the strain were grown to a logarithmic

growth phase and the cell concentration became 2.5 x 10*/ml, the cells were collected by centrifugation at

3,000 rpm for 5 min and suspended in 4 ml of a 10 mM aqueous magnesium sulfate which had been

cooled in ice. The mixture containing the recombinant Xgtl 1 phages obtained in Step 5 of Example 1 was

diluted with a SM-buffer containing 0.1 M sodium chloride, 8 mM magnesium sulfate, 50 mM Tris-HCl and

io 0.01 % gelatin. 0.1 ml of the obtained diluted phage solution and 0.1 ml of the above-obtained cell

suspension were mixed together and the mixture was incubated at 37 "C for 15 min to Introduce the

recombinant phages into cells of Escherichia coll. Then, to the mixture, 3 ml of a soft agar medium (1 w/v

trypton, 0.5 w/v% yeast extract 0.5 w/v% sodium chloride, 0.25 w/v% magnesium sulfate, 0.7 w/v% agar,

pH 7.0) heated at 46 * C was added. The resui tant mixture was overlaid on fifty L agar plates (1 w/v%

15 trypton, 0.5 w/v% yeast extract 1 w/v% sodium chloride, 1.5 wAr% agar, 100 ug/ml ampicillin, pH 7.0). The

overlaid agar was solidified at room temperature and incubated at 42 * C for 3 hours. Thereafter, 10 mM
IPTQ (tsopropyi /8-O-thIogalactopyranoskJe) was infiltrated into the resultant agar plate. The above-men-

tioned procedure was repeated times to thereby obtain 3,000 agar plates. Then, a dried nitrocellulose fitter

was bonded to each of the plates and incubated at 37 * C for 3 hours. The resultant filters were separated

20 from the plates and washed three times with a TBS-buffer containing 10 mM Tris-HCl and 150 mM sodium

chloride, pH 7.4 and immersed in a 2 w/v% bovine serum albumin solution, followed by incubation at room

temperature for 1 hour to block the unreacted portion on the surface of each of the fitters.

On the other hand, 1/20 volume of an Escherichia coli rysing solution provided with a commercially

available immunoscreening kit (manufactured and sold by Amersham International, England) was added to a

25 pooled serum from a convalescent patient having acute NANB hepatitis and the mixture was incubated at

room temperature for 30 min. The resultant mixture was diluted with a TBS buffer containing 0.2 % of a

bovine serum albumin. Thus, a solution containing a primary antibody was obtained (Primary antibody

solution A). Substantially the same procedure as mentioned above was repeated except that a serum from a

patient having chronic NANB hepatitis was used as a serum, to thereby obtain a solution containing another

30 primary antibody (Primary antibody* solution. B).

Each of the above-mentioned filters was immersed in Primary antibody solution A at room temperature

for 1 hour. .Each of the resultant filters was washed four times with a TBST buffer containing 0.05 % of

Tween 20 (surfactant). Each of the washed filters was immersed in a secondary antibody solution which had

been prepared by diluting a peroxidase-tabeled human IgQ antibody (manufactured and sold by Cappei

35 Co.. Ltd.. West Germany) 1 ,000-fold with a TBS buffer containing 02 w/w% gelatin. The resultant fitter was

allowed to stand at room temperature for 1 hour and well washed with a TBST buffer, followed by

immersion in a mixture of 50 ml of a TBS buffer, 0.4 ml of DAB (3,3-diaminobenzidine tetrahydrochloride)

and 15 ul of a 30 % aqueous hydrogen peroxide at room temperature for 20 min to allow color

development The resultant filters were completely washed with distilled water and the color development

40 reaction was stopped. Substantially the same procedure as mentioned above was repeated except that

Primary antibody solution B was used Instead of Primary antibody solution A. Then, the color developed

dots (positive dots) on the fitters correspond to the plaques (positive plaques) of E. coli transfected with

recombinant viruses containing the NANBV cONA. Therefore, the plaques corresponding to the color

developed dots were selected.

45 Thus, 22 positive plaques were selected from about 2,000,000 plaques. The transformant clones

corresponding to these 22 positive plaques were isolated and subjected to the above-mentioned plaque

hybridization procedure. Thus, 5 positive clones were selected and isolated from the 22 positive clones.

Each of the thus obtained positive clones was designated N-1, N-2, N-3, N-4 and N-5, respectively. The

clone N-1 and clone N-2 have been deposited with the Fermentation Research Institute of the Agency of

50 Industrial Science and Technology, Japan and assigned Accession No. FERM BP-241 6 and No. FERM BP-

2431 , respectively.

Further, the cDNA prepared in Step 3 of Example 1 was inserted into the Xgt11 in substantially the

same manners as in Step 6 and Step 7 of Example 1, to thereby prepare another cONA library. Using the

cONA library, the immunoscreening was conducted In the same manner as mentioned above, to thereby

55 obtain positive clones from about 2,500,000 plaques. From the thus obtained positive clones, one clone was

selected and designated N-1 8.

Clone N-18 has been deposited at the Fermentation Research Institute and assigned Accession No.

FERM BP-241 8.
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Then the reactivity of the expression product of each clone with the serum shown in Table 2 below was

examined in the same manner as in Step 4 in Example 1. The results are shown in Table 2. The expression

products of these clones were specifically reacted with one or both of a serum from a convalescent patient

having acute NANB hepatitis and a serum from a patient having chronic NANB hepatitis. However, all of the

expression products of the obtained clones were not reacted with a serum from a healthy human adult and

with a serum from a patient having hepatitis B.

Table 2

TO
clone

No.

serum from

healthy human

aduit

serum of

hepatitis B
patient

convalescent serum of acute

NANB hepatitis patient

serum of chronic

NANB hepatitis patient

T6

20

N-1

N-2

N-3

N-4

N-S

N-1

8

+

+

+

+

Reactivity: " + " means positive and "-" means negative.

As apparent from Table Z the expression products of clone N-3 and done N-1 8 exhibited an antlgen-

25 antibody reaction with both a serum from a convalescent patient having acute NANB hepatitis and a serum

from a patient having chronic NANB hepatitis. On the other hand, the expression product of clone N-1

exhibited an antigen-antibody reaction only with a serum from a patient having acute NANB hepatitis, and

the expression product of clone N-2, done N-4 and done N-5 exhibited an antigen-antibody reaction only

with a serum from a patient having chronic NANB hepatitis. This suggests that the expression product of

so clone N-3 or N-1 8 can be used for diagnosing acute NANB hepatitis and chronic NANB hepatitis, and that

the expression product of clone N-1 can be used for diagnosing acute NANB hepatitis, and the expression

product of done N-2, N-4 or N-5 can be used for diagnosing chronic NANB hepatitis.

35 Step 7 (Expression of NANBV cONA done in a large amount)

The £ con transformant strain N-1 obtained in Step 6 of Example 1 was cultured. From the cuiture,a

Phage ONAwas isolated and subjected to phenol extraction and ethanol precipitation to obtain a punfied

phage DNA. The thus purified phage DNA was digested with restriction enzyme EcoRl and subject* to

40 tow-melting point agarose gel electrophoresis, and a portion of the agarose^«J^J^ tJ
NANBV cDNA was cut off. To the cut-off agarose gel was added 0.5 ml of a TEN buffer containing 10 mM

Tris-HCI. 1 mM EDTA and 10 mM NaCI (pH 7.5). and the mixture was heated at 65 C.

extraction and ethanol purification to thereby obtain an NANBV cDNA fragment The thus obtained NANBV

cDNA fraament was inserted in a vector containing a promoter capable of exhibiting a high level of gene

45 expression in cells of Escherichia coll. That is, a plasmid pSN518 DNA (Amernura, Shinaga^ H

SaTnaK., Otsuii. N.

&

Nakata,A., 1982. J. Bacteriol. Vd. 152, pp. 692-701; and U.S. Patent No. 4.703,005)

containing a gene coding for a phosphate-binding protein (phoS), derived from Escherichia coH was

SSmM*h restriction enryme Hpal. From the digests, a DNA fragment of 6.3^5^30^ by

electrophoresis in the same manner as mentioned above. The obtained DNA fragment was d'ssolved in 1 00

so Ul of a BaJ31 buffer containing 12 mM caidum chloride, 12 mM magnesium chloride, 0.2 M sodium

chloride. 20 mM Tris-HCI <pH 8.0) and 1 mM EDTA. and heated at 30 C for 3 mln. To the restart

solution was added 0.5 unit of nuclease 8al31 (manufactured and sold by Takara Shuzo Co., Ltd. JaparO

and a reaction was conducted at 30 C for 6 min. To the reaction mixture. 20 mM EDTA was added to

terminate the reaction. The reaction mixture was subjected to phenol extraction and ethanol palpitation to

55 obtain a DNA fragment Then, an EcoRl linker was added to both ends of the DNA fragmerrt in

'

manner as described in Step 5 of Example 1. and the resultant DNA fragment w« Hga^ to the a^
obtained NANBV cDNA fragment With the resultant recombinant plasmid, cells of Escherichia cpHstran

DH1 (Proc. Nat Acad. Sci.. U.SA. 60. p.160. 1968) were transformed. With respect to the thus obtained
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transformants, the transformants having a recombinant plasmid containing the NANBV cDNA were detected

using a ^P-dCTP labeled probe prepared from the NANBV cONA by a nick translation kit (manufactured

and sokl by Amersham International* England). Thus, 32 transformants were found to have a recombinant

plasmid containing the NANBV cDNA. From each of the transformants, the plasmid DNA was isolated by

s phenol extraction and ethanol precipitation in the manner as mentioned above. The plasmid DNA was

partially digested with restriction enzyme EcoRI, followed by phenol extraction and ethanol precipitation.

The resultant DNA fragment was dissolved in a buffer containing 70 mM Tris-HCI (pH 7.5), 10 mM
magnesium chloride, 5 mM dithiothreitoi and 200 uM dNTP (a mixture of dATP, dCTP, dGTP and dTTP).

To the solution was added T4 DNA polymerase (manufactured and sold by Takara Shuzo Co., Ltd., Japan)

ro and the mixture was heated at 37 * C for 30 min. The resultant solution was subjected to phenol extraction

and ethanol precipitation to obtain a DNA. Using the thus obtained DNA and a universal terminator

(manufactured and sold by Pharmacia Fine Chemicals AB, Sweden) having a translation termination codon,

a plasmid was prepared in substantially the same manner as described In Step 4 of Example 1. Then, with

the thus obtained plasmid, the Escherichia coll strain DH1 was transformed to obtain a transformant clone.

1$ The above-mentioned procedure was conducted with respect to each of the 32 transformants obtained

above. Thus, 32 transformant clones were obtained The colony of each of the clones was isolated and

cultured at 37 * C overnight in a Tris-HCI (pH 7.2) buffer medium containing 0.2 w/v% of glucose and 0.64

mM potassium dihydrogenphosphatB, and the cultured cells were collected. The collected cells were

suspended in an equivolume of the same buffer medium as mentioned above except that the concentration

20 of potassium primary phosphate was changed to 0.064 mM, and the suspention was incubated at 37 * C for

6 hours while shaking. From the resultant culture, cells were collected and suspended in 50 mM phosphate

buffer (pH 72) containing 0.15 M NaCl, and the suspended cells were disrupted by means of glass beads

to obtain a cell homogsnate. Then, the amount of an NANBV antigen peptide in the cell homogenate was

determined by enzyme-linked immunosorbent assay (EUSA) using the serum from a patient having NANB

25 hepatitis, as follows. A serum from a patient having NANB hepatitis was mixed with Freund's complete *

adjuvant With the mixture, a rabbit was hyperimmunized. Then, a hyperimmune serum obtained from the

hyperimmunized rabbit was obtained and subiected to ammonium sulfate precipitation, and the precipitate

was obtained as an (gG fraction. The obtained fraction was subjected to gel chromatography using

Sephacryl S200 (manufactured and sold by Pharmacia Rne Chemicals AB, Sweden) to obtain -a purified

30 anti-NANBV IgQ. Then, the purified anti-NANBV IgG was dissolved in a 50 mM carbonate buffer (pH 9.6).

100 ul of the solution was put in the wells of a DYNAT5CH MICROEUSA plate (manufactured and sold by

Greiner, Co., Ltd., West Germany) and allowed to stand at 4 * C for 18 hours, to thereby immobilize the

anti-NANBV fgG on the surface of each well. Each well was washed three times with a phosphate buffer

containing 0.05 w/w% Tween 20 (PBS-T). The assay of the NANBV antigen peptide In a cell extract sample

35 was conducted as follows. 5 ml of a sample was diluted with a PBS-T buffer so that the resultant solution

became 2-fold volume. The mix ture was subjected to centrifugation at 100,000 x g at 4 * C for 4 hours to

obtain a precipitate. The thus obtained precipitate was dissolved in 0.2 mi of a PBS-T buffer containing 0.1

w/w% of a Triton X-100 and diluted with a PBS-T buffer by doubling dilution to 2to-fold degree of dilution.

0.1 ml of each of the diluted solutions was added individually to the antibody-immobilized well, followed by

40 reaction at 37 ' C for 1 hour. Each well was washed with a PBS-T buffer three times.

On the other hand, the anti-NANBV IgG obtained in the same manner as mentioned above was labeled

with horseraddish peroxydase (HRPO) according to the method described in Wilson, M.B. & Nakane, P.:

"Immunofluorescence and related techniques (W.W. Knapp, H. Holubar & G. Wick, ed eds,), p. 215

Bsevier/North-Holland, Amsterdam, 1978, to obtain an HRPO-labeled anti-NANBV IgG solution. The solution

45 was diluted 10-fold with a PBS-T buffer containing 10 v/v% fetal calf serum.

The diluted HRPO-labeled anti-NANBV IgG solution was added to each well, and Incubated at 37 * C

for 1 hour to advance a reaction. The wells were washed with PBS-T three times. 0.1 ml of a 0.05 M citrate-

phosphate buffer (pH 5.0) containing 0.5 mg/ml of o-phenylenediamine as a coloring agent and 2 ul/ml of

peroxide as a substrate was added to each well, and incubated for 40 mln out of the light. 0.1 ml of 4 N

so sulfate was added to each well to terminate the reaction. The EUSA titer of the reaction mixture in each well

was determined by measuring the optical density at 400 nm (OD490). Based on the amount of an NANBV

antigen peptide in terms of an EUSA titer, five clones OA-18, OA-101, OA-118, OA-190 and OA-270 which

exhibited high EUSA titer were obtained. Of these, clone OA-101 and OAr118 exhibiting higher EUSA titer

were selected. The results are shown in Table 3(a).

56 Substantially the same procedure as mentioned above was conducted except that clone N-18 was used

instead of clone N-1. Thus, five clones OC-11. OC-25. OC-27, OE-8 and OB-13 which exhibited high EUSA

titer were obtained. Of these, clone OE-8 exhibiting higher EUSA titer was selected. The results are shown

in Table 3(b).
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The results show that the selected clones OA-101, OA-118 and OE-8 produced an NANBV antigen

peptide in a large amount.

Table 3(a)

70

Clone Degree of dilution EUSA titer

of ceil extract ODtSO

OA- 18 1:80 0.074

OA-101 1:80 1.416

OA-118 1:80 0,770

OA-190 1:80 0.125

OB-270 1:80 0.068

Escherichia coii (normal) 1:80 0.009

75

Table 3(b)

20

29

Clone Degree of dilution EUSA titer

of cell extract OD490

00-11 1:80 0.080

00-25 1:80 0.014

0O27 1:80 1.387

OE-8 1:80 1.890

08-13 1:80 0.096
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Step 8 (Purification of the NANBV antigen)

The Escherichia coll clone OA-101 prepared In Step 7 of Example 1 was cultured and the cell^act

containing the NANBvTantigen peptide was obtained from the culture The cell e^act was sub acted to

sucrose density gradient centrifugatton at 30.000 rpm for 18 hours using a

Sw% and a cerrtrtfuge (Model RPZ-35T, zonal rotor, manufactured and sold by Hitachi Kokl Co.. UA.

^)7ob^nTSNBV antigen peptide fraction. This fraction wa, dialyzed againsta^MP^
buffer toH 72) containing 0.16 M NaCI for 24 hours to remove the sucrose. The resu^ dl^ysatewas

5Se? agLSt"/200 M phosphate buffer (pH 7.2). Then, to the dialysate was added 40 ml of a «W M

ptXSte buffer containing 40 w*% of potassium bromide, followed* equilibrium densj grad^t

clZugaton at 46.000 rpm for 48 hours using a centrifuge (manufactured and Mkl^Hte^ toW Co.

iTuapan. rotor No. RP-60T-2) to obtain an NANBV antigen peptide fraction The obtainedimn was

oSvzXgainst a 5 mM phosphate buffer (pH 7.2) for 24 hours to remove the potasaum bromide. The

SSvsate2£ Sbtected to poteseium bromide equilibrium density gradient centrffugetton and dlalysis,n»e

^SZZ^SL^L. Thus, a dialysate containing an NANBV anttgenP*»~«^
tvT« 9 mi of the dlalvsate was subjected to gel filtration chromatography using Sephacryl S200

^Z^mTw^X^ B~ Chemical. AB. Sweden, column equiObrated *th phystotog^
{™TTZZ containing NANBV antgen peptide was ^J^*™™ a^
containing a purified NANBV antigen peptide derived from done OA-101^ A-OO a^

Subsfanteily the same procedure as mentioned above was conducted except that clone OE-8
I

waslused

OA-101 . to thereby obtain a solution containing a purified NANBV antigen peptide derived

from clone OE-8 (Lot £-001 a).

Step 9 (Reactivity of the NANBV antigen peptide produced by clone N-18 with a panel serum)
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The reactivity of the antigen peptide produced by clone N-18 with a panel serum was determined

according to the immoscreening method described in Step 6 of Example 1 using panel serum A and panel

serum 6. Panel serum A comprised eight sera from convalescent patients having NAN8 hepatitis, thirteen

sera from patients having chronic NANB hepatitis, five sera from patients having chronic hepatitis B and five

5 sera from healthy humans diagnosed as negative to hepatitis. Panel serum B comprised five sera from

patients having chronic NANB hepatitis, one serum from a patient having acute NANB hepatitis, two sera

from patients having alcoholic chronic hepatitis and five sera from healthy humans diagnosed as negative to

hepatitis. The results are shown in Table 4 and Table 5. In Tables 4 and 5, the positive ratio (ratio of the

number of the sera reacted with the NANBV antigen peptide produced by clone N-18 to the number of the

ro sera examined) with respect to each serum group is shown.

The results show that the NANBV antigen peptide did not react with sera from healthy humans and with

sera from patients having chronic hepatitis B, but specifically reacted with sera from patients having chronic

NANB hepatitis with high reactivity. That is, the positive ratio was 12/13 to 5/5 (92.3 % to 100 %) as shown

in Table 4 and Table 5.

75 However, the reactivity of the NANBV antigen peptide with sera from convalescent patients having

NANB hepatitis was relatively low, that is, the positive ratio was 4/8 (50 %) as shown in Table 4. Further, the

NANB antigen peptide did not react with a serum from a patient having acute NANB hepatitis as shown in

Table 5. These results suggest that in the serum from a convalescent patient from chronic NANB hepatitis

and the serum from a patient having acute NANB hepatitis, the antibody against the NANBV antigen had

20 not yet been produced in an amount sufficient to be detected by the NANBV antigen peptide.

Table 4

Panel serum A
*

Positive

ratio

(%)

Sera from convalescent patients having NANB hepatitis 4/8 (50)

Sera from patients having chronic NANB hepatitis 12/13 (92.3)

Sera from patients having chronic hepatitis B 075 (0)

Sera from healthy humans 075 (0)

35

Table 5

Panel serum B Positive

ratio

(%)

Sera from patients having chronic NANB hepatitis 5/5 (100)

Serum from a patient having acute NANB hepatitis 0/1 (0)

Sera from patients having alcoholic chronic hepatitis 0/2 (0)

Sera from a healthy humans 0/5 (0)

50

Step 10 (Determination of the nucleotide sequences of the NANBV cDNA's contained in clone N-1, done N-

2 and clone N-18)

Escherichia cofi strain N-1 obtained In Step 6 of Example 1 was cultured and the recombinant phage

55 ONA was isolated from the cultured cells of the strain N-1 in the same manner as in Step 7 of Example 1.

The recombinant phage ONA was digested with restriction enzyme EcoRI, and an NANBV cONA fragment

was isolated in the same manner as described In Step 7 of Example 1. The obtained fragment was inserted

in the vector plasmid PUC19 (manufactured and sold by Takara Shuzo Co., Ltd., Japan) compatible with
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Escherichia coli. That is. 1 ug of vector plasmid pUC19 was dissolved in 30 ul of a buffer solution

containing idoTnM Tris-HCI (pH 7.5). 7 mM MgCb and 100 mM NaCI. To the resultant solution was added

1 ul of EcoRI (manufactured and sold by Takara Shuzo Co.. Ltd.. Japan). The mixture was incubated at 37

*C for 60 min Then, to the resultant reaction mixture were added 10 ul of an alkaline phosphatase buffer

s containing 100 mM Tris-HCI (pH 8.0). 1 M KCI and 10 mM MgSO*. 59 ul of distilled water and 1 ul of

alkaline phosphatase (manufactured and sold by Takara Shuzo Co.. Ltd.. Japan), and the mixture was

incubated at 80 ' C for 2 hours to advance a reaction. The reaction mixture was subjected to phenol

extraction twice and the obtained aqueous layers were pooled. To the aqueous layer were added 1/10

volume of 3 M acetate buffer (pH 4.8) and 2-fold volume of ethanol and the resultant mixture was cooled to

to -20 *C to precipitate a DNA, followed by centrifugatJon at 12.000 rpm for 5 min to separate the DNA

precipitate. The precipitate was dried to obtain a vector plasmid DNA. The phosphate residue atthe 5 -end

oortlon of the vector plasmid DNA had been removed by the above-mentioned treatment with alkaline

Phosphatase. Then. 0.1 ug of the vector plasmid DNA and 0.1 ug of the above-obtained NANBV cDHA

foment were dissolved in a buffer solution containing 68 mM Tris-HCI (pH 7.8). 68 mM MgClj. 10 mM

is dWiothreitol and 0.1 mM adenosine s'-trlphosphate. To the resultant solution was added 1 ul o'aligase

(manufactured and sold by Takara Shuzo Co. Ltd.. Japan). The mixture was incubated at 18 C tor3

hours followed by phenol extraction and ethanol precipitation to collect a DNA. Then, with the collected

ONA.' Escherichia coll strain JM109 (manufactured and sold by Takara Shuzo Co., Ltd.. Japan) was

transformed by thecaldum-rubldlum method mentioned hereinbefore, followed by culturing. Thus, a

to transformers clone having a recom binant plasmid containing the NANBV cDNA inserted therein was

obtained. The recombinant plasmid was Isolated from the above-obtained transformant done and digested

with restriction enzyme EcoRI. The resultant digests were subjected to determination of the nucleotide

sequence using 7-DEAZA sequencing lot (manufactured and sold by Takara Shuzo Co.. Ltd.. Japan)

according to the method described in Mlzusawa. S.. Nlshimura. S. and Seela. F.. Nucleic Acids Res.. 14.

*
^Substantial me same procedure as mentioned above was conducted except that each of clone N-2

and clone N-18 was individually used instead of done N-1.

As a result it was found that the transformant clone N-1 contained the NANBV cDNA having a

nudeotlde sequence shown in Fig. 2(a); the transformant done N-2 contained the NANBV cDNA's having

so nucleotide sequences shown in Rgs. 2(e) and 2(f): and the transformant done N-18 contained the NANBV

cDNA's having nucleotide sequences shown in Rgs. 2(a). 2(b), 2(c) and 2(d).

3S

40

48

Example 2

(Extraction of a messenger RNA derived from a liver tissue for preparing a cDNA)

1 g of a liver tissue obtained from a patient having NANB hepatitis by hepatectomy was cut into small

pieces. 10 ml of a solution containing 4 M guanldlne thlocyanate as used in Step 1 * f^pteJj^
added to the liver tissue pieces and the liver tissue pieces were homogenated. Then, an RNA was extracted

from the homogenate and purified In substantially the same manner as In Step 1 of Example 1. to obtaina

solution containing an RNA. Then, from the solution, an RNA derived from the liver tissue was isolated

using the oligo (dT) column (0.5 ml).

The thus obtained RNA obtained can be used instead of the RNA obtained in Step 1 of Example 1. for

producing an NANBV cDNA according to substantially the same method as described in Steps 2 to 8 of

Example 1.

so Example 3

Step 1 (Preparation of a diagnostic agent for use in the enzyme-labeled immunosorbent assay (EUSA))

so Using the NANBV antigen peptide LofA-001a prepared in Step 8 of Example 1. an anti-N/WBV antigen

peptide IgQ was prepared (Lot A-1) and labeled with HRPO in substantially the same 7""*" <*°*"

in Step 7 of Emtol. to thereby obtain an HRPO-labeled anti-NANBV antigen peptide IgQ A-1 as a

diagnostic agent
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6

Substantially the same procedure as mentioned above was conducted except that the NANBV antigen

peptide Lot E-001a was used instead of the NANBV antigen peptide Lot A-001a, to prepare another anti-

NANBV antigen peptide tgG (Lot E-3) and label the IgQ with HRPO. Thus, an HRPOIabeled anti-NANBV

antigen peptide IgQ E-3 was obtained as a diagnostic agent

Using the above-obtained HRPO-labeled IgG's A-1 and E-3, the amount of the NANBV antigen in each

of serum samples A, B and C from patients having NANB hepatitis and a serum from a heaithy human was

determined by EUSA in the same manner as in Step 7 of Example 1 . The results are shown in Table 6.

10

15

20

Table 6

Serum sample NANB antigen in serum (EUSA titer,

OD*9o)

fixed

antibody:

A-1 E-3

A

*

0.171 0.250

B 0.302 0.390

C 0.205 0.310

Serum from healthy human 0.023 0.018

25

Step 2 (Preparation of a diagnostic agent for use in a passive hemagglutination (PHA) method or a reverse

passive hemagglutination (rPHA) method)

30

35

40
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Blood of a sheep was collected and filtered through a cotton cloth. Then, hemocytes remaining on the

cotton cloth unfiltered were washed five times with 13 mM phosphate buffer containing 0.15 M Nad (PBS).

0.4 ml of the resultant hemocytes was suspended in 10 ml of PBS. Then, the NANBV antigen peptide was

adsorbed and fixed on the hemocytes in the above-obtained suspension according to the method of

Avramea et al. Immunochemistry, 0, p.67, 1969. That is, to the above obtained suspension containing the

fixed hemocytes was added 1 ml o? a solution containing the purified NANBV antigen peptide (Lot A-001a)

obtained in Example 1 at a concentration of 25 mg/ml and stirred. Then, 3 ml of a PBS containing 2.5 wnv%
of glutaraldehyde was dropwise added to the suspension and stirred at room temperature for 1 hour. Then,

the cells in the resultant mixture were collected by centrifugation and washed with the PBS five times. The

washed cells were suspended in 1 ml of a 1.0 M glycine buffer (pH 7.2) and the suspension was allowed to

stand for 1 hour. From the resultant suspension, cells were collected by centrifugation and washed with the

PBS five times. The ceils were suspended in a PBS containing 1 v/v% of a normal sheep serum at a cell

corrcentration of 1 w/w%. Using the suspension, the reactivity of the NANBV antigen peptide with serum

samples O to H from NANB hepatitis patients and with a serum from a healthy human adult diagnosed as

negative to hepatitis was determined by the PHA method. Substantially the same procedure as mentioned

above was conducted except that a solution containing the NANBV antigen peptide (Lot E-001a) was used.

The results are shown in Table 7.

Substantially the same procedure as mentioned above was conducted except that each of the anti-

NANBV antigen peptide IgG's Lot A-1 and Lot E-3 obtained in Step 1 of Example 3 was individually used

instead of the NANBV antigen peptide, to thereby obtain a suspension containing the antibody. Using the

suspension, the reactivity of the arrti-NANBV antigen peptide IgQ with each of serum samples A to C from

NANB hepatitis patients and with a serum from a heaithy human adult diagnosed as negative to hepatitis

was determined by the rPHA method. The results are shown in Table 8.

55

24



EP 0 363 025 A2

Table 7

Serum sample anti-NANBV antibody in serum (PHA

value, 2")

fixed

antigen:

LotA-001a LotE-001a

D n a 7

E 8 8

F 5 5

Q 11 >11

H 6 8

serum from healthy human <1 <1

Tabled

Serum sample NANBV antigen in serum (rPHA

value, 2")

fixed

antibody:

A-1 E-3

A 4 5

B e 5

C 8 7

serum from healthy human <1 <1

Step 3 (Preparation of a diagnostic agent for use in the radioimmunoassay (RIA))

(1) Detection of an antibody against the NANBV in serum

The purified anti-NANBV IgQ A-1 prepared In Step 1 of* Example 3 was labeled with '»l by the

chloramine T method (Greenwood et al. Biochemical Journal. 80. p.114. 1983). Illustratively stated. 4 ml of

the purified IgQ (5 mg/ml) was cooled in lee water, and 1 mC&10 ul of '»l was added to the IgQ while

gently stirring. Then. 1 ml of a 200 ug/ml aqueous chloramine T was dropwise added to the mixture and

stirred for 5 min to advance a reaction. 1 ml of a 200 ug/ml aqueous sodium methablsulflte was added to

the resultant mixture to terminate the reaction. The resultant mixture was dlalyzed to remove the unreacted

1B
I to thereby obtain ,2S l-labeled anti-NANBV antigen peptide IgQ A-1.

*On the other hand, an NANB antigen peptlde-flxed beads was prepared as follows. To the NANB

antigen peptide Lot A-001a obtained In Step 8 of Example 1 was added polystylene beads treated with

glutaraldehyde. The mixture was allowed to stand overnight at 4 C to fix the antigen peptide on the

surface of the beads. For preventing a non-specific reaction of the antigen peptide-fixed beads with

substances other than an antibody against the NANBV. bovine serum alubumln was added to the antigen

peptide-fixed beads, and the mixture was allowed to stand at 4 C overnight Thus, the NANBV antigen

peptide(Lot A-O01 a)-fixed beads were obtained as a diagnostic agent
„

Using the above obtained '»Wabeled anti-NANBV antigen peptide IgQ A-1 and the NANBV antigen

peptide(Lot A-001 a)-fixed beads, an antibody against the NANB antigen peptide in each of serum samples
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D to F from patients having NANB hepatitis, a serum from a healthy person and a serum from a rabbit

hyperimmunized with the NANBV antigen peptide was detected by RIA. That is. 0,1 ml of the 125
1- labeled

antibody was put in each of the wells of a reaction tray for the RIA and further, 0.1 ml of a serum sample

was added to each well. Then, the antigen peptide-fixed beads were added to each well and allowed to

5 stand overnight at room temperature to advance a reaction. The resultant beads were sufficiently washed

with distilled water. The radioactivity (cpm) of the beads in each well was measured using an auto-gamma-

counter. Then, from the radioactivity, an inhibition (%) of the reaction between the 125 l-labeled anti-NANBV

antigen peptide IgQ and the NANBV antigen peptide-fixed beads was calculated by the following formula,

assuming the Inhibitions by a serum from a healthy human and a serum from a rabbit hyperimmunized with

ro the NANBV antigen peptide as being 0 % and 100 %, respectively:

(a - b) -c
x 100 (%),

a - b

wherein a is the radioactivity (cpm) obtained with respect to a serum from a healthy human, b is the

radioactivity (cpm) obtained with respect to a serum from a rabbit hyperimmunized with the NANBV antigen

peptide, and c is the radioactivity (cpm) obtained with respect to a serum sample from an NANB hepatitis

patient The results are shown in Table 9.
20

Substantially the same procedure as mentioned above was conducted except that the anti-NANBV

antigen peptide IgQ Lot E-3 was used instead of the IgQ Lot A-1, to obtain another 129 labeled anti-NANBV

antigen peptide IgQ E-3. Further, substantially the same procedure as mentioned above was conducted

except that the NANBV antigen peptide Lot E-001a was used instead of the antigen peptide Lot A-001a, to

obtain another NANBV antigen peptlde(Lot E-001 affixed beads as a dagnostic agent Using the 12SHabeled
25

anti-NANBV antigen peptide E-3 the antigen peptide<Lot E-001 affixed beads, the assay of the serum

samples was conducted in the same manner as mentioned above. The results are also shown in Table 9.

When the serum sample contained an antibody against the NANBV as Samples D to F. the reaction

between the NANBV antigen peptide-fixed beads and the 12S Habeled anti-NANBV antigen peptide IgQ was

inhibited by the reaction between the antigen peptide-fixed beads and the anti-NANBV antibody present in
30

the serum. Therefore, the radioactivity of the beads ascribed to the labeled antibody bonded to the beads

was relatively low, and the inhibition between the labeled anti-NANBV antigen peptide and the antigen

peptide-fixed beads was as high as 74 to 100 %.

Table 9
35

Serum sample

•

Rxed antigen

Lot A-001a Lot E-001a

cpm,

inhibition

(%)

cpm,

inhibition

(%)

F 1433(89) 1004(93)

Q 155(99) 162(100)

H 3387(74) 3260(77)

Healthy human serum 13025(0) 13630(0)

Hyperimmunized rabbit serum 145(100) 160(100)

55 (2) Detection of an NANBV antigen In serum

An anti-NANBV antigen peptide tgQ-fixed beads were prepared In substantially the same manner as

mentioned above except that the anti-NANBV antigen peptide IgQ Lot A-1 was used Instead of the NANBV
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antigen peptide Lot A-001 a.

Using the above-obtained 125 Wabeied anti-NANBV antigen peptide IgQ A-1 and the anti-NANBV antigen

peptide !g<3(Lot A-1)-fixed beads, an NANBV antigen present in each of serum samples A to C from

patients having NANB hepatitis and a serum from a heaithy human was detected in substantially the same

5 manner as mentioned above. The results are shown In Table 10.

Further, the detection of an NANBV antigen in the serum samples was also conducted using another

t2S l-labeled anti-NANBV antigen peptide IgQ E-3 obtained above, and another anti-NANBV antigen peptide

lgG(Lot E-3)-fixed beads prepared from the anti-NANBV antigen peptide IgG Lot E-3 in the same manner as

mentioned above. The results are also shown in Table 10.

10

Table 10

15

20

Serum sample Fixed antibody

Lot A-1 Lot E-3

cprn cprn

A 790 1253

B 3507 5620

C 1194 2004

Serum from heaithy human 188 195

25

The results show that the serum samples from patients having NANB hepatitis were specifically

detected by the use of the ,2S Habeled anti-NANBV antigen peptide IgQ and the anti-NANBV antigen

peptide-fixed beads.

30

Example 4
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(Detection of NANBV RNA by a dot hybridyzation method and a Northern blotting method)

The recombinant phage was isolated from transformant clone N-1 obtained in Step 6 of Example 1 and

digested with restriction enzyme EcoRI to obtain a cDNA fragment containing the NANBV cDNA. On the

other hand, piasmid pUC19 (manufactured and sold by Takara Shuzo Co.. Ltd., Japan) was cleaved by

restriction enzyme EcoRI and treated with alkaline phosphatase. 0.1 tig of the above-obtained cDNA

fragment 0.1 ilq of the cleaved vector DNA fragment and 5 al of a 10 x ligase reaction solution containing

1.1 mM ATP, 60 mM Trls-HCI (pH 7.6), 68 mM magnesium chloride and 100 mM dithiothreitol, and 0.2 unit

of T4 DNA Hgase were mixed together, and the volume of the mixture was adjusted to 50 al by the addition

of distilled water. The resultant mixture was incubated at 4 *C for 16 hours, followed by phenol extraction

and ethanol precipitation. The thus obtained precipitate was dissolved In 10 ul of a TE buffer, and with the

resultant mixture, cells of Escherichia coil strain JM109 (manufactured and sold by Takara Shuzo Co., Ltd.,

Japan) were transformed according to the calcium-rubidium method mentioned hereinbefore. A transformant

clone having the NANBV cDNA was selected and isolated using an agar medium plate containing 50 ug/ml

of ampicillin. , .

A »P-labeled cDNA for the hybridyzation was prepared as follows. The piasmid DNA was Isolated from

the above-obtained transformant clone and digested with EcoRI. From the piasmid DNA, the NANBV cDNA

was isolated and purified by electrophoresis using a tow-melting point agarose gel in the same manner as

described in Step 7 of Example 1. Using [o-»P]dCTP (3000 Cl/mmol) and an Amersham nick translation kit

(manufactured and sold by Amersham International. England), a labeled NANBV cDNA was prepared. In

order to examine the reactivity of the labeled cDNA with a serum from a patient having NANB hepatitis

a dot hybridyzation was conducted using five serum samples from patients having NANB hepatitis, two

serum samples from patients having hepatitis B and one serum sample from a healthy human as test

specimens and the labeled NANBV cDNA as a probe according to the method described in Step 4 of

Example 1. The results are shown in Fig. 1. In Re. 1, specimens 1 to 5 are sera from patients having NANB
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hepatitis, specimens 6 and 7 are sera from patients having hepatitis B and specimen 8 is a serum from a

healthy human who Is diagnosed as negative to hepatitis. As shown in Fig. 1 , the labeled NANBV cDNA
was specifically hybridized with the sera from patients having NANB hepatitis, but not hybridized with the

sera from patients having hepatitis B and with the serum from a healthy human.

5 On the other hand, the detection of the NANBV ANA was conducted according ta Northern blotting

method as follows. That is, an RNA was prepared from each serum specimen in the same manner as in

Step 4 of Example 1 and subjected to 6 % formaidehyde-agarose gel electrophoresis. The RNA was

isolated from the gel, dissolved in 10 x SSC (1.5 M NaCt and 0.15 M sodium citrate) and blotted on a

nitrocellulose membrane using an apparatus for transblottlng (manufactured and sold by Bio-Rad Laborato-

10 ries, U.SA). The nitrocellulose membrane was subjected to baking at 80 * C for 2 hours and the resultant

membrane was immersed in a prehybrtdyza tion solution (50 % formaldehyde, 5 x SSC (0.75 M NaCI and

0.075 M sodium citrate), 5 x Oenhart 50 mM phosphate-citrate buffer (pH 6.5), 1 % glycine, 100 ug/ml

salmon sperm DNA), and incubated at 42 * C for 4 hours. Then, the membrane was taken out of the

prehybridyzation solution. The single-stranded DNA obtained by heating the above-obtained ^P-labeled

16 cDNA probe was added to the membrane, followed by incubation at 42 * C for 22 hours to conduct the

hybridization. After completion the hybridyzation, the resultant nitrocellulose membrane was washed three

times with 2 x SSC (0.3 M NaCI and 0.03 M sodium citrate) containing 0.1 % sodium dodecyt sulfate (SDS)

and 0.1 % pyrophosphoric acid and further washed three times with 0.1 x SSC (0.15 M NaCI and 0.015 M
sodium citrate) containing 0.1 % SDS and 0.1 % pyrophosphoric acid at 50 * C. After drying the resultant

20 membrane, autoradiography was conducted to detect the NANBV RNA. The results were substantially the

same as those obtained by the above-mentioned dot hybridization.

Application Example 1

(Preparation of a purified NANB hepatitis vaccine)

To the solution containing the purified NANBV antigen peptide Lot A-OOla, which was obtained in Step

30 8 of Example 1, was added a 0.02 % formalin and allowed to stand at 4 * C fdr 5 days. Then, the resultant

formalin-treated NANBV antigen peptide solution was diluted with physiological saline so that the NANBV
antigen peptide concentration became 40 ug/ml. The resultant solution was mixed with a physiological

saline containing 0.4 mg/ml of an aluminium hydroxide at a volume ratio of 1:1. The mixture was stirred for

30 min. followed by centrffugation at 3,000 rpm for 20 min to obtain a precipitate. The obtained precipitate

35 was suspended in a 13 mM phosphate buffer (pH 72) containing 0.15 M NaCI to prepare an aluminum-

absorbed NANB hepatitis vaccine.

Substantially the same procedure as mentioned above was conducted except that the NANBV antigen

peptide Lot E-001a was used instead of the antigen peptide Lot A-001a, to thereby obtain an aluminum-

adsorbed NANB hepatitis vaccine.

40 An assay for the immunogenicity of the obtained vaccine was conducted according to the standards for

preparing an adsorbed vaccine for recombinant hepatitis B vaccine (derived from yeast) described in

"Minimum Requirements for Biological Products" men Honed hereinbefore. That is, 1 ml of the above-

mentioned vaccine was subcutaneousty inoculated to each of mice of 5 weeks old at their backs. 5 weeks

after the inoculation, blood samples were collected from the mice, and subjected to passive hemag-

48 glutination test to determine the antibody titer In the blood samples. The results are shown In Table 1 1

.

50

55

28



EP 0 383 025 A2

Table 1

1

Antigen Dilution of Average

Lot No. vaccine antibody titer

(2")

1:2 n=9.8

1:4 8.9

A-001a 1:8 5.6

1:18 4.4

1:2 > 10

1:4 9.7

E-001a 1:8 8.5

1:18 6.9
*

Physiological saline < 1.0

Application Example 2

(Preparation of a monoclonal antibody specific for the NANBV antigen peptide and detection of the NANBtf
8

antigen using the monoclonal antibody)

20 tig of the purified NANBV antigen peptide Lot E-001a obtained in Step 8 of example 1 and 20 ug of

the Freund's complete adjuvant were mixed together. The mixture was inoculated intraperitoneaily to a

BALB/c mouse (8-week old) to immunize the mouse. After 3 weeks and 5 weeks, the second immunization

30
and the third immunization were respectively conducted in the same manner as mentioned above. Three

days after the third immunization, the spleen of the mouse was excised. The spleen was cut into four

masses and pressed by means of a pincer. Then, the masses were filtered through a stainless steel-made

sieve (200 mesh Tyier) to obtain spleen cells. The cells were washed and suspended in an NS-1 medium

(an RPMI.1640 medium (manufactured and sold by Qlbco Co.. U.SA) containing 15 v/v% fetal calf serum)

38
at a cell concentration of 8 x 107 cells/ml. 1 ml of the resultant spleen cell suspension and 2 x 107 ceils of

myeloma cell line SP-2/O-Ag 14 (ATCC CRL1581) were mixed together and the mixture was subjected to

cell fusion in the presence of polyethylene glycol (PEG 6000) according to the method described In

"Monoclonal Antibody" by Tatsuo IwasaW et al, p. 30 (1982), published by Kodansha Scientific, Japan, to

thereby obtain three hybridoma clones capable of producing a monoclonal antibody specific for the NANBV
40

antigen peptide. The obtained clones were designated 2-1 B-3. 36-7H-5, 38-1 C-1 4, respectively. Each of the

clones were individually cultured to produce monoclonal antibodies specific for the NANBV antigen peptide.

Whether or not the NANBV antigen in the liver of an NANBV hepatitis patient can be specifically

detected using each of the monoclonal antibodies was examined as follows. A liver tissue obtained by

hepatectomy from each of two patients having NANB hepatitis and one patient having hepatitis B was

45
frozen and a tissue slice specimen was prepared from each frozen liver tissue. The specimen was fixed

with acetone and reacted separately with the above-obtained monoclonal antibodies at 37 C for 1 hour

according to the method described in "Introduction of Experimental Virology", edited by Qakuyukai of

National Institute of Health. Japan, p. 297 (1975). published by Maruzen K.K., Japan. The resultant

specimen was sufficiently washed with PBS (0.005 M phosphate buffer (pH 7.0) containing 0.1 M Nad).

50
Further, the specimen was reacted with a fluorochrome RTC-labeled anti-mouse IgQ (manufactured and

sold by Cappel Co.. U.SA) at 37
' C for 1 hour. The resultant specimen was sufficiently washed with PBS,

and observed through a fluorescent microscope to determine whether or not the specimen emitted

fluorescence. The specimen which emitted fluorescence was defined as being positive to the NANBV

antigen. The results are shown in Table 12.

29



EP 0 383 025 A2

Table 12

Specimen Clone No. which produced a

monoclonal antibody used

2-1 8-3 36-7H-5 38-1 C-1

4

Liver tissue obtained from a patient (No. 1) having NANB hepatitis + + +

Liver tissue obtained from a patient (No. 2) having NANB hepatitis + +

Liver tissue obtained from a patient having hepatitis B •

Note:

( +) means positive to fluorescence

(-) means negative to fluorescence

As apparent from Table 10, when the monoclonal antibody specific for the NANBV antigen peptide was

used for detecting the NANBV antigen in the liver tissue specimen of a patient, the diagnosis of the NANB
hepatitis could be conducted with high reliability.

Claims
*

1. A rion-A, non-B hepatitis virus antigen peptide which exhibits an antigen-antibody reaction with at

least one member selected from the group consisting of serum from a convalescent patient having acute

non-A, non-B hepatitis and serum from a patient having chronic non-A, non-B hepatitis, and which does not

exhibit an antigen-antibody reaction either with serum from a human clinically diagnosed as negative to

hepatitis or with serum from a patient having hepatitis diagnosed as other than non-A, non-B hepatitis.

2. The non-A, non-B hepatitis virus antigen peptide according to claim 1, which is obtained by

expression of a deoxyribonucleic acid comprising at least one nucleotide sequence selected from the group

consisting of formulae (I) to (VI):

GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAGAAAAGGCG

AAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAAAAAAAGCAAGGAATTC
*

...d);

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAAAGACGAAA

AGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAAAAAGGAATTC

...(ID?

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACACACACAAG

AAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAACCCAGGAAAGAACAAA
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AAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGGGAGGGAAGGAAGGACGCATATCAG

ATTAGAAAAAGGAGGGAATTC. . . ( III )

;

5 GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGTTAGCCCGC

AAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTTAATATCAAAGTGGTCG

AAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTAAGACGAATACAAACCAAAATTCTG
TO

GAATGATCATTAAAAACATTATT6ATAGGTACTTAGAAGGGCAAGAGAGGAAGAAGAAAG

TAATGAGAAATGCTTATGGAAGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC

/5 •••(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGATGGCCGTG

GAATTC,..(V);

20 GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGCTTGGGCGC

CCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGGTTGGCGCGGCGTACGT

GTCCGGGAATTC • . . ( VI )

;

25

and nucleotide sequences individually obtained by substituting at least one nucleotide of each of said

nucleotide sequences of formulae (I) to (VI) in accordance with degeneracy of genetic code.

3. A mixed antigen comprising at least two different non-A, non-B hepatitis antigen peptides,

30 each of said different antigen eptides exhibiting an antigen-antibody reaction with at least one member

selected from the group consisting of serum from a convalescent patient having acute non-A, non-B

hepatitis and serum from a patient having chronic non-A, non-B hepatitis, and which does not exhibit an

antigen-antibody reaction either with serum from a human clinically diagnosed as negative to hepatitis or

with serum from a patient having hepatitis diagnosed as other than non-A. non-B hepatitis.

35* 4. The mixed antigen according to claim 3, wherein each of said different antigen peptides is obtained

by expression of a deoxyribonucleic acid comprising at least one nucleotide sequence selected from the

group consisting of formulae (I) to (VI):

45

SO

55
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GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAGAAAAGGCG

AAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAAAAAAAGCAAGGAATTC

...d);

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAAAGACGAAA

AGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAAAAAGGAATTC

...(ID;

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACACACACAAG

AAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAACCCAGGAAAGAACAAA

AAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGGGAGGGAAGGAAGGACGCATATCAG

ATTAGAAAAAGGAGGGAATTC . . . { III ) ;

GAATTCCTAAGAAATGGCTAGGCCTAGGAGAGGCAGTCTTTCCCCAGTCAGTTAGCCCGC

AAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTTAATATCAAAGTGGTCG

AAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTAAGACGAATACAAACCAAAATTCTG

GAATGATCATTAAAAACATTATTGATAGGTACTTAGAAGGGCAAGAGAGGAAGAAGAAAG

TAATGAGAAATGCTTATGGAAGCCAAAGGACCTTTCCAGGAGAAGAAAGGGAATTC

..•(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGATGGCCGTG

GAATTC. . . ( V)

;

GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGCTTGGGCGC

CCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGGTTGGCGCGGCGTACGT

GTCCGGGAATTC. . • ( VI )

;

and nucleotide sequences indvidually obtained by substituting at least one nucleotide of each of said

nucleotide sequences of formulae (I) to (VI) in accordance with degeneracy of genetic code.

5. A cONA coding for a non-A, non-B hepatitis virus antigen peptide, said antigen peptide exhibiting an

antigen-antibody reaction with at least one member selected from the group consisting of serum from a

convalescent patient having acute non-A, non*B hepatitis and serum from a patient having chronic non-A,

non-B hepatitis, and which does not exhibit an antigen-antibody reaction either with serum from a human

clinically diagnosed as negative to hepatitis or with serum from a patient having hepatitis diagnosed as

other than non-A, non-B hepatitis.

8. The deoxyribonucleic acid according to claim 5, which comprises at least one nucleotide sequence

selected from the group-consisting of formulae (I) to (VI);
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GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAGAAAAGGCG

AAGAGACAC^GGAAAAAAAAAACAGAGACGAAGGTCAGATAGAAAAAAAGCAAGGAATTC

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAAAGACGAAA

AGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAAAAAGGAATTC

• •.(ID;

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACACACACAAG

AAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAACCCAGGAAAGAACAAA

AAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGGGAGGGAAGGAAGGACGCATATCAG

ATTAGAAAAAGGAGGGAATTC . . . ( III

)

GAAOTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGTTAGCCCGC

AAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTTAATATCAAAGTGGTCG

AAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTAAGACGAATACAAACCAAAXTTCTG

CAATGATCATTAAAAACATTATTGATAGGTACTTAGAAGGGCAAGAGAGGAAGAAGAAAG

TAATGAGAAATGCTTATGGAAGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC

..•(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGATGGCCGTG

GAATTC.(V);

GAATTCCGGGGTATtTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGCTTGGGCGC

CCTGCTGCTGGCTTCCGAGCAGCTATTCAGC^^

GTCCGGGAATTC • • . { VI )

;

and nucleotide sequences individually obtained by substituting at least one nucleotide of each of said

nucleotide sequences of formulae (I) to (VI) in accordance with degeneracy of genetic code.

7. A method of diagnosing non-A, non-8 hepatitis, which comprises:

contacting serum from a patient with a non-A, non-B hepatitis virus antigen peptide which peptide exhibits

an antigen-antibody reaction with at least one member selected from the group consisting of serum from a

convalescent patient having acute non-A, non-B hepatitis and serum from a patient having chronic non-A,

non B hepatitis, and which does not exhibit an antigen-antibody reaction either with serum from a human

clinically diagnosed as negative to hepatitis or with serum from a patient having hepatitis diagnosed as

other than non-A, non-B hepatitis;

determining whether said serum reacts with said non-A, non-B hepatitis virus antigen peptide; and

classifying said serum as positive or negative to non-A, non-B hepatitis based on said reactivity.

8.. A method according to claim 7, wherein said non-A, non-8 hepatitis virus antigen peptide is obtained

by expression of a deoxyribonucleic acid comprising at least one nucleotide sequence selected from the

group consisting of formulae (I) to (VI):

33



EP 0 363 025 A2

*

GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAGAAAAGGCG

AAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAAAAAAAGCAAGGAATTC

...(i);

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAAAGACGAAA

AGAAGCACCAATCGCAGGCGAAGCAAAAAC6AAAAAAAAAAAAAAAAGGAATTC

...(ID;

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACACACACAAG

AAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAACCCAGGAAAGAACAAA

AAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGGGAGGGAAGGAAGGACGCATATCAG

ATTAGAAAAAGGAGGGAATTC . . . ( III )

;

GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGTTAGCCC^

AAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTTAATATCAAAGTGGTCG

AAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTAAGACGAATACAAACCAAAATTCTG

GAATGATCATTAAAAACATTATTGATAGGTACTTAGAAGGGCAAGAGAGGAAGAAGAAAG

TAATGAGAAATGCTTATGGAAGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC

...(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGATGGCCGTG

GAATTC. ..(V);

GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGCTTGGGCGC

CCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGGTTGGCGGGGCGTACGT

GTCCGGGAATTC . . . { VI )

;

and nucleotide sequences Individually obtained by substituting at least one nucleotide of each of said

nucleotide sequences of formulae (I) to (VI) in accordance with degeneracy of genetic code.

9. A method for screening blood for transfusion, which comprises:

a) isolating serum from whole blood;

b) contacting serum with at least one non-A, non-B hepatitis virus antigen peptide which exhibits an

antigen-antibody reaction with at least one member selected from the group consisting of serum from a

convalescent patient having acute non-A, non-B hepatitis and serum from a patient having chronic non-A,

non-B hepatitis, and does not exhibit antigen-antibody reaction either with serum from a human clinically

diagnosed as negative to hepatitis or with serum from a patient having hepatitis diagnosed as other than

non-A, non-B hepatitis;

c) determining whether said serum reacts with said non-A, non-B hepatitis virus antigen peptide:

d) classifying said serum as positive or negative to non-A, non-B hepatitis based on said reactivity;

and

e) effecting separation of the blood In accordance with said identification.

10. The method according to claim 9, wherein said non-A, non-B hepatitis vims antigen peptide is
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obtained by expression of a deoxyribonucleic acid comprising at least one nucleotide sequence selected

from the group consisting of formulae (t) to (VI):

GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAGAAAAGGCG

AAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAAAAAAAGCAAGGAATTC

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAAGAGAGAAAGACGAAA

AGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAAAAAGGAATTC

• ••(ID;

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACACACACAAG

AAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAACCCAGGAAAGAACAAA

AAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGGGAGGGAAGGAAGGACGCATATCAG

ATTAGAAAAAGGAGGGAATTC•••(III); ~

GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGTTAGCCCGC

AAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTTAATATCAAAGTGGTCG

AAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTAAGACGAATACAAACCAAAATTCTG

GAATGATCATTAAAAACATTATTGATAGGTACTTAGAAGGGCAAGAGAGGAAGAAGAAAG
*

TAATGAGAAATGCTTATGGAAGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC

...(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGATGGCCGTG

GAATTC. • • ( V)

;

GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGCTTGGGCGC

CCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGGTTGGCGCGGCGTACGT

GTCCGGGAATTC « . • (VI)

;

and nucleotide sequences individually obtained by substituting at least one nucleotide of each of said

nucleotide sequences of formulae (0 to (VI) In accordance with degeneracy of genetic code.

11. Escherichia coli strain N-1 carrying a cDNA coding for a non-A, non-B hepatitis virus antigen

peptide, deposited afFermentation Research Institute, Japan under the accession number FERM BP-2416.

12. Escherichia coli strain N-2 carrying a cDNA coding for a non-A, non-B hepatitis virus antigen

peptide, deposited atTermentation Research Institute, Japan under the accession number FERM BP-2431.

13. Escherichia coli strain N-18 carrying a cDNA coding for a non-A, non-B hepatitis virus antigen •

peptide, deposited at Fermentation Research Institute, Japan under the accession number FERM BP-24ia
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Description

Background Of The Invention

5 Field Of The Invention

This invention relates to a non-A, non-B hepatitis virus antigen peptide. More particularly, the present invention is

concerned with a non-A, non-B hepatitis virus antigen peptide which exhibits antigen-antibody reaction specificity with

at least one of a convalescent serum from a patient having acute non-A, non-B hepatitis and a serum from a patient

10 having chronic non-A, non-B hepatitis. The antigen peptide of the present invention is useful for diagnosing non A,

non-B hepatitis and for screening blood for transfusion. Further, the antigen peptide of the present invention can be
used as an active ingredient of a vaccine for non-A, non-B hepatitis.

Discussion Of Related Art

Definition of non-A, non-B hepatitis virus:

The viral hepatitis is a liver disease caused by the infection of a hepatitis virus. Heretofore, hepatitis A virus,

hepatitis B virus and hepatitis D (delta) virus have been isolated and identified. The hepatitis D virus (delta-hepatitis

20 virus) is a deficient virus which cannot grow by itself and requires for its growth the co-presence of hepatitis B virus as
a helper virus. Therefore, the hepatitis D virus is present only in a patient having hepatitis B. In 1974, it was reported
that there were many patients having hepatitis caused by a factor other than the infection with either hepatitis A virus

or hepatitis B virus. Such a hepatitis was named •non-A, non-B hepatitis", and researches on the non-A, non-B hepatitis

virus have been made extensively and intensively throughout the world. Heretofore, it has been found that a plurality

2S of types of non-A, non-B hepatitis viruses exist. Results of the researches up to now show that the non-A, non-B
hepatitis virus is classified into two types according to the infection route, that is, an epidemic hepatitis virus, namely
an enterically-transmitted non-A, non-B hepatitis virus, which is spread through water and foods; and a blood-trans-

mitted non-A, non-B hepatitis virus which is spread through blood by transfusion, etc. Of the non-A, non-B hepatitis

viruses, only an enterically-transmitted NANBV which spreads over the areas of Africa, India and Southeast Asia has
30 been virologically identified, but the blood-transmitted non-A, non-B hepatitis virus has not yet been identified.

Hereinbelow, the blood-transmitted non-A, non-B hepatitis is often referred to simply as "NANB hepatitis*, and the

blood-transmitted non-A, non-B hepatitis virus is often referred to simply as "NANBV. Current situation of the studies

on NANB hepatitis and Problems:

With respect to the mechanism of the crisis of the NANB hepatitis and the treatment of the NANB hepatitis, viro-

35 logical studies have been made in the world by the comparison of NANBV with the other hepatitis viruses, diagnostic,

histopathology and the like (Japan Medical Journal, No. 3220. pp. 3-10, 1987). With respect to the NANB hepatitis,

the following findings have been reported.

(1 ) Epidemiology: In Japan, according to the estimation by Ministry of Health and Welfare, about 60 % of chronic
40 hepatitis patients (namely about 720 thousand patients), about 40 % of hepatocirrhosis patients (namely about

100 thousand patients) and about 40 % of liver cancer patients (namely about 7 thousand patients) are patients

having NANB hepatitis. Further, the motality rate attributed to the above-mentioned NANB hepatitis reaches 16
thousand per year. In U.S.A., the number of post-transfusion hepatitis patients reaches 150 to 300 thousand per

year and 90% of the post-transfusion hepatitis patients are patients having NANB hepatitis. Further, it is considered
that 1 to 6 % of the blood donors are an NANBV carrier Further, it is estimated that in the other countries also,

the incidence of NANB hepatitis and the ratio of the NANBV carrier are equal to or higher than those in U.S.A. and
Japan. Therefore, prevention, early diagnosis and early treatment of the NANB hepatitis is a matter of global

importance.

(2) Virology: The NANBV heretofore reported comprises an envelope and a viral particle having a spherical shape
so of a diameter of about 50 nm. The taxonomic observation suggests that the known NANBV is a virus similar to a

togavirus or a flavivirus, or a virus of new type different from the togavirus or the flavh/irus. Further, the results of

pathological observations of the cytoplasms of hepatocytes of a plurality of chimpanzees injected with a blood

serum of a patient having NANBV hepatitis show that the formation of a tubular structure is observed in the cyto-

plasm of a hepatocyte of some of the chimpanzees, but not observed in the cytoplasm of a hepatocyte of the other

& chimpanzees, and that an intranuclear particle is formed in the cytoplasm of a hepatocyte of some of the chim-

panzees. These results and the results ofthe epidemiological observation and the tests on the presence orabsence
of the chloroform sensitivity suggest that a plurality of types of NANBVs exist, (see, for example, "Science". Vol.

205, pp. 197-200, 1979, and "Journal of Infectious Disease", vol. 148, pp. 254-265, 1983). The amount of the

2
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NANBV present in the blood of a patient having NANB hepatitis is extremely small as compared to either the
amount of a hepatitis A virus present in the feces of a patient having hepatitis A or the amount of a hepatitis B
virus present in the blood of a patient having hepatitis B. For example, the amount of hepatitis B virus in the blood
of the patient is 108 to 109 per ml in terms of Chimpanzee Infectious dose (CID), whereas the amount of NANBV
in the blood of the patient is only 10* to 10s per ml in terms of CID (Bradley, 0. W.: Research perspectives in post-
transfusion non-A, non-B hepatitis, in 'Infection, Immunity and Blood Transfusion', edited by Dodd, RY. & Barker,
L.F., published by Alan R. Liss, Inc., New York (1985) pp. 81-97). Further, it is known that except for human, there
are no animals except chimpanzee that are sensitive to NANBV and that in the cytoplasm of the hepatocyte, a
typical tubular structure is occasionally formed by NANBV infection. Since only chimpanzee can be used as an
animal for experiment of the NANBV infection, a large number of chimpanzees are required to be used for the
study of NANBV. However, the chimpanzee is not easily available and expensive. Therefore, the study of NANBV
by, for example, experimental infection by NANBV, identification of NANBV and search for a useful marker for
NANBV, is necessarily restricted and delayed.

(3) Clinical observation: The latent period of the NANB hepatitis is 2 to 26 weeks. The symptom of NANB hepatitis
in the early stage is mild as compared to that of hepatitis B. For example, a patient having NANB hepatitis only
becomes feverish and complains of languor. Further, 70 % of the patients have anicteric symptom. Therefore, the
NANB hepatitis is frequently overlooked. However, the NANB hepatitis is very dangerous because the NANB
hepatitis is likely to become chronic and, then, to progress to liver cirrhosis. That is, 40 to 50 % of the patients
having NANB hepatitis whose blood serum exhibits an increased aminotransferase activity develop chronic hep-
atitis. 10 to 20 % of the cases of chronic hepatitis are accounted for by liver cirrhosis. Further, 0.5 to 1 % of blood
recipients per year become liver cirrhosis patients without subjective symptoms. Therefore, for preventing biohaz-
ard caused by blood transfusion and bleeding, eradication of the NANB hepatitis is a matter of global importance
from the viewpoint of public health.

(4) Diagnosis: As mentioned above, the NANBV (blood-transmitted type) has not yet been identified and a viral
marker, such as an NANBV antigen, useful for the diagnosis of NANB hepatitis has not been known. Therefore,
diagnosis of NANB hepatitis has been conducted by examining the titer of the antibody in serum of a patient, which
is specific for each of the known phtogogenic viruses, such as hepatitis A virus, hepatitis B virus, cytomegalovirus.
EB virus, varicella virus and herpes simplex virus, and diagnosing the patient whose serum is negative with respect
to the antibody specific for any of the above-mentioned viruses, as having NANB hepatitis. At the same time,
another diagnosis method has also been used. For example, there have been used a method in which whether
or not the activity of an enzyme in serum, such as GPT [glutamic-pyruvic transaminase, also known as 'ALT
(alanine aminotransaminase)], GOT (glutamicoxatoacetic transaminase, also known as "AST* (aspartate ami-
notransaminase)]. and guanine deaminase (also known as 'guanase') ('Kan-tan-sui (Liver, Gallbladder, Pancreas)
', Vol. 14, pp. 519-522, 1987); a method in which guanase activity is determined based on the absorbance of a
sample (Japanese Patent Application LaidOpen Specification No. 60-176600); and a method in which the activity
of reverse transcriptase in blood is determined (U.S. Patent No. 4,707,439). With respect to the GPT or GOT in

serum mentioned above, standard for the diagnosis of NANB hepatitis in which lasting, abnormally high activities
of GPT and GOT are utilized as a criterion for the diagnosis of NANB hepatitis, is employed in Japan ('Journal of
Blood Transfusion Society in Japan', vol. 31, No. 4, pp. 316-320. 1985). With respect to the diagnostic agent for
NANB hepatitis, an antibody specifically reactive with an antigen which is formed in the blood of a patient having
the symptoms of the NANB hepatitis is known. For example, a polyclonal antibody (Japanese Patent Application
Laid-Open Specification No. 58-735), a monoclonal antibody (Japanese Patent Application Laid-Open specifica-
tions No. 58-183629, No. 61-561968 and No. 62-181798), a monoclonal antibody produced by a cell strain (Jap-
anese Patent Application Laid-Open Specification No. 61-25484), an avidin-labeled antibody (Japanese Patent
Application Laid-Open Specification No. 60-195454), and an antibody prepared from the serum of a monkey in-

fected with an extract of a stool of a patient having NANB hepatitis (Japanese Patent Application Laid-Open Spec-
ification No. 62-249999) are known. Further, an NANB hepatitis-related antigen which is isolated and purified from
anatomized liver of a patient having NANB hepatitis (Japanese Patent Application Laid-Open Specification No.
57-198867) has been reported. However, the diagnosis of NANB hepatitis has not been able to be attained accu-
rately by the use of any of the above-mentioned methods, antibodies and antigen, because the enzymatic activity
utilized as a criterion for the diagnosis of NANB hepatitis in the above-mentioned methods is not specific for the
NANB hepatitis, and the antibodies and the antigen mentioned above are not specific for NANBV Therefore, it

has been desired to obtain a marker specific for NANBV.
(5) Therapy and Prevention: Recently, the therapeutic effect on chronic NANB hepatitis by the use of P-interferon
has been attracting attention in the art ['Hepatotogy', Vol. 6, p. 117, 1986 (abstract)]. With respect to the dose of
p-interferon and the period of administration, investigations have been made. However, the effectiveness of 0-
interferon has not yet been confirmed.
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On the other hand, the various vaccines and diagnostic agents have been reported. For example, there can be
mentioned an adjuvant vaccine containing an antigen derived from a serum of a patient having NANB hepatitis who
has a symptom of a jaundice, which serum exhibits high GPT activity (Japanese Patent Application Laid-Open Spec-
ification No. 59-42455); an NANBV antigen specifically reactive with an antibody produced by a lymphocyte obtained
from a patient having NANB hepatitis which lymphocyte has been transformed with EB virus which has been isolated
and purified from cells of the liver of a chimpanzee having NANB hepatitis (Japanese Patent Application LaidOpen
Specification No. 61 -1 76856); a glycoprotein derived from a blood serum of a patient having NANB hepatitis (Japanese
Patent Application Laid-Open Specification No. 62-30965); a DNA virus isolated from a blood serum of a patient having
NANB hepatitis by affinity chromatography (Japanese Translation Publication No. 59-501774 of PCT Application Pub-
lication No. WO84/01107); an NANBV antigen isolated from the fibronectin fraction of blood plasma (Japanese Trans-
lation Publication No. 60-501 241 of PCT Application Publication No. WO84/04326); a togavirus isolated from a serum
and an urine of a patient having NANB hepatitis (U.S. Patent No. 4,464,474); a vaccine containing, as an active ingre-

dient, an NANBV surface antigen or a gamma globulin purified from a serum or a plasma of a patient having NANB
hepatitis (U.S. Patent No. 4,542,016); an NANBV purified from a serum of a patient having NANB hepatitis, and an
antigen thereof (U.S. Patents No. 4,673,634 and No. 4,702,909 and European Patent Application Publication No.
1 28,995); and an enterovirus-like virus isolated from an extract of a stool of a patient having NANB hepatitis (European
Patent No. 71,640). However, since the NANBV have not yet been isolated, any confirmation cannot be made as to
whether or not the above-mentioned vaccines and diagnostic agents are surely useful for specifically diagnosing and
treating NANB hepatitis. Furthermore, with respect to the method for preventing an NANBV from spreading via blood
preparation, there have been known, for example, a method in which a serum or a blood plasma is subjected to heat-
treatment for 10 min at 60 °C (U.S. Patent No. 4,438,098); a method in which freeze-dried blood preparations are
prepared and subjected to heat-treatment (Japanese Patent Application Laid-Open Specification No. 59-110627); a
method in which a fraction of a plasma protein precipitated from an organic solvent, such as chloroform, is collected
and the organic solvent-soluble fraction containing the hepatitis viruses are discarded; and a method for the inactivation

of NANBV by formalin (U.S. Patent No. 4,291,020). However, as mentioned above, the NANBV has not yet been
isolated and identified and, therefore, any confirmation cannot be made as to whether or not the blood treated by the
above-mentioned methods is surely free from the NANBV. Therefore, the safety and effectiveness of the biological

preparations obtained by the above-mentioned method are not insured. Accordingly, none of these methods have been
put into practice use.

Summary Of The Invention

The present inventors have made extensive and intensive studies with a view toward solving the above-mentioned
problems and developing an NANBV antigen. As a result, the present inventors have succeeded in cloning a cDNA

35 coding for an NANBV antigen peptide having not only high reliability but also safety and effectiveness, directly from a
plasmaand a resected liver of a patient having NANB hepatitis, without multiplying the NANBV in a chimpanzee having
unknown factors which are considered to have rendered difficult the isolation of NANBV, although the amount of NANBV
in the plasma or the resected liver is extremely small, that is, as small as about 1/10,000 that of a hepatitis A virus or
a hepatitis B virus. Thus, safe production of the NANBV antigen peptide according to claim 1 with high purity on a large

40 scale at low cost without biohazard, has been realized by expressing the cDNA coding for NANBV antigen peptide by
means of recombinant DNA technique. Further, it has been found that the probe which is prepared from a cDNA library

obtained from the RNA present in the plasma or resected liver derived from human can be specifically hybridized with

the RNA in the plasma of a patient having NANB hepatitis patient by the Northern blot technique explained in Example
1. Further, it has been found that the thus obtained NANBV antigen peptide of the present invention exhibits antigen-

45 antibody reaction with at least one of serum from a convalescent patient having acute NANB hepatitis and serum from
patient having chronic NANB hepatitis. Based on the above findings, the present invention has been completed.

The present invention provides a substantially pure non-A, non-B hepatitis virus antigen peptide which is reactive

to a non-A, non-B hepatitis virus antibody, which peptide is an amino acid sequence, or comprises part or parts of said
amino acid sequence, which is encoded by at least one nucleotide sequence selected from the group consisting of

50 formulae (I) to (VI) as set out below and in claim 1

.

This invention also provides a deoxyribonucleic acid coding for a substantially pure non-A, non-B hepatitis virus

antigen peptide of this invention, as defined above, which deoxyribonucleic acid is at least one nucleotide sequence,
or comprises part or parts of said sequence, selected from the group consisting of the before-mentioned formulae (I)

to (VI).

55 This invention further provides a mixed antigen peptide comprising at least two different non-A, non-B antigen
peptides of this invention, as defined above.

The non-A, non-B antigen peptides of the invention may be used in methods for the diagnosis of NANB hepatitis

and for screening blood for transfusion, as set out in appended claims 4 and 5.

4



EP 0 363 025 B1

Brief Discussion of the Drawings

In the Drawings:

Fig. 1 is an illustration of an autoradiogram obtained by subjecting sera to dot hybridization using, as a probe, a
s cDNA of the present invention labeled with &Pt in which specimens 1 to 5 are sera from patients having NANB hepatitis,

specimens 6 and 7 are sera from patients having hepatitis B and specimen 8 is a serum from a healthy human who is

diagnosed as negative to hepatitis; and

Figs. 2(a), 2(b), 2(c), 2(d), 2(e) and 2(f) individually show the nucleotide sequences of various cDNA's embodying
the present invention.

10

Detailed Description Of The Invention

Essentially, according to the present invention, there is provided a non-A, non-B hepatitis virus antigen peptide

which exhibits an antigen-antibody reaction with at least one member selected from the group consisting of serum from
is a convalescent patient having acute non-A, non-B hepatitis and serum from a patient having chronic non-A, non-B

hepatitis, and which does not exhibit an antigen-antibody reaction either with serum from a human clinically diagnosed
as negative to hepatitis or with serum from a patient having hepatitis diagnosed as other than non-A, non-B hepatitis.

Further, in another aspect of the present invention, there is provided a cDNA coding for a non-A, non-B hepatitis

virus antigen peptide, said antigen peptide exhibiting an antigen-antibody reaction with at least one member selected
20 from the group consisting of serum from a convalescent patient having acute non-A, non-B hepatitis and serum from

a patient having chronic non-A, non-B hepatitis, and which does not exhibit an antigen-antibody reaction either with

serum from a human clinically diagnosed as negative to hepatitis or with serum from a patient having hepatitis diag-

nosed as other than non-A, non-B hepatitis.

The NANBV antigen of the present invention is reactive with at least one of serum from a convalescent patient
2S having acute NANB hepatitis and serum from a patient having chronic NANB hepatitis. That is, the NANBV antigen

peptide of the present invention is reactive with only one of the serum from a convalescent patient having acute NANB
hepatitis and the serum from a patient having chronic NANB hepatitis, or is reactive with either of these sera. However,
the NANBV antigen peptide of the present invention does not exhibit an antigen-antibody reaction either with serum
from a human clinically diagnosed as negative to hepatitis or with serum from a patient having hepatitis diagnosed as

30 other than NANB hepatitis. As the hepatitis other than NANB hepatitis, hepatitis A, hepatitis B, a cytomegalovirus-

caused hepatitis and an Epstein-Barr virus-caused hepatitis can be mentioned. A patient having acute or chronic NANB
hepatitis is defined as a human diagnosed, as positive to NANB hepatitis, by exclusion of infection with known hepatitis

viruses, including hepatitis A virus, hepatitis B virus, cytomegalovirus and Epstein-Barr virus according to the methods
of Dienstag, J.L, "Non-A, non-B hepatitis. I. Recognition, epidemiology, and clinical features", Gastroenterology, 85,

35 439 (1 983), and Dienstag, J.L, "Non-A, non-B hepatitis. II. Experimental transmission, putative virus agents and mark-
ers, and prevention", Gastroenterology, 85. 741 (1 983). Whether the NANB hepatitis is acute or chronic can be deter-

mined by examining the liver tissue by biopsy according to the criterion described in Sheila Sherlock. Diseases Of The
Liver And Biliary System, eighth edition, published by Blackwell Scientific Publications, London, 1989, pp. 326-333.

On the other hand, with respect to a patient having hepatitis A, to a patient having hepatitis B, to a patient having
40 cytomegalovirus-caused hepatitis, to a patient having Epstein-Barr virus-caused hepatitis and to a healthy human,

diagnoses can be made according to the above-mentioned methods of Dienstag.

The NANBV antigen peptide of the present invention can be obtained, for example, by gene expression of a DN

A

comprising at least one nucleotide sequence selected from the group consisting of formulae (I) to (VI):

45

GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAG

AAAAGGCGAAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAA

50 AAAAAGCAAGGAATTC ..•(!);

55
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GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAA

AGACGAAAAGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAA

AAAGGAATTC.(II);

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACA

CACACAAGAAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAA

CCCAGGAAAGAACAAAAAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGG

GAGGGAAGGAAGGACGCATATCAGATTAGAAAAAGGAGGGAATTC

...(Hi);

GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGT

TAGCCCGCAAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTT

AATATCAAAGTGGTCGAAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTA

AGACGAATACAAACCAAAATTCTGGAATGATCATTAAAAACATTATTGATAG

GTACTTAGAAGGGCAAGAGAGGAAGAAGAAAGTAATGAGAAATGCTTATGGA

AGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC . . . ( IV)

;

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGA

TGGCCGTGGAATTC . . . ( V)

;

GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGC

TTGGGCGCCCTGCTGCTCGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGG

TTGGCGCGGCGTACGTGTCCGGGAATTC. . • ( VI ) ;

and nucleotide sequences individually obtained by substituting at least one nucleotide of each of said nucleotide se-

quences of formulae (I) to (VI) in accordance with degeneracy of genetic code.

In the above-mentioned formulae, A represents a deoxyadenylic acid residue, G a deoxyguanylic acid residue, C
a deoxycytidylic acid residue and T a deoxythymidylic acid residue, and the left and right ends of each of formulae (I)

to (VI) represent the S'-hydroxyl group side and 3'-hydroxyl group side, respectively. The substitution of a nucleotide

of each of the above-mentioned nucleotide sequences of formulae (I) to (VI) can be performed by the methods of, for

example, Saiki etal., Science. 230. 1350-1354 (1965), and Saiki et al., Science. 239. 487-491 (1988).

Of the antigen peptides mentioned above, the antigen peptide obtained by gene expression of a ONA comprising

6
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a nucleotide sequence of formula (I) exhibits an antigen-antibody reaction with serum from a convalescent patient

having acute NANB hepatitis. On the other hand, the antigen peptide obtained by gene expression of a DNA comprising

a nucleotide sequence of formula (II) or (III) exhibits an antigen-antibody reaction with serum from a patient having

chronic NANB hepatitis. Further, the antigen peptide obtained by gene expression of a DNA comprising a nucleotide

5 sequence of formula (IV), (V) or (VI) exhibits an antigen-antibody reaction either with serum from a convalescent patient

having acute NANB hepatitis or serum from a patient having chronic NANB hepatitis.

As is apparent from the above, the NANBV antigen peptide of the present invention is reactive with either the

serum from a convalescent patient having acute NANB hepatitis or the serum from a patient having chronic NANB
hepatitis, can easily be obtained by gene expression of a DNA comprising the nucleotide sequence of formula (IV),

10 (V) or (VI). Alternatively, the NANBV antigen peptide which is reactive with either of the above-mentioned sera may
be obtained by gene expression of a DNA prepared by ligating the nucleotide sequence of formula (I) to at least one

of the nucleotide sequences of formulae (II) and (III). In this case, the NANBV antigen peptide of the present invention

is a fused peptide comprising two or more of different antigen peptides. The combination of nucleotide sequences

contained in the DNA for obtaining the NANBV antigen peptide of the present invention is not restricted to the above-
is mentioned combination but any combination of at least two of the nucleotide sequences of formulae (I) through (VI).

Accordingly, in still another aspect of the present invention, there is provided a mixed antigen comprising at least

two different non-A, non-B hepatitis antigen peptides.

Each of said different antigen peptides exhibits an antigen-antibody reaction with at least one member selected

from the group consisting of serum from a convalescent patient having acute non-A, non-B hepatitis and serum from

20 a patient having chronic non-A, non-B hepatitis, and does not exhibit an antigen-antibody reaction either with serum

from a human clinically diagnosed as negative to hepatitis or with serum from a patient having hepatitis diagnosed as

other than non-A, non-B hepatitis.

The NANBV antigen peptide of the present invention and the cDNA coding therefor may be prepared and identified

by a process comprising steps of (1) to (8) described below.

25

Step (1): Selection and collection of a material for extracting an NANBV RNA.

As a material for extracting the NANBV RNA, there may be used, for example, blood, lymph, ascites and hepatocyte

of an NANBV carrier, or of a human or a chimpanzee suffering from NANB hepatitis. Since the materials derived from

30 a chimpanzee may contain NANBV in a relatively small amount as compared to the materials derived from a human,

the use of the materials derived from human is preferred. Of the blood, lymph, ascites and hepatocytes from a human,

blood can most easily be obtained in a large amount For example, blood which is not acceptable for use as a blood

for transfusion is available from a blood bank in a large amount. Such blood can advantageously be used as a material

for extracting an NANBV RNA. When blood is used as a material, blood is separated into plasma and erythrocytes.

35 The thus obtained plasma is examined to determine whether or not the plasma is negative to the surface antigen of

hepatitis B virus (WHO expert committee on viral hepatitis: Advances in viral hepatitis, WHO Technical Report Series,

602 . 28-33, 1977) and negative to a genetic DNA of hepatitis B virus (Brechot, C, Hadchouel, M., Scotto, J., Degos,

F, Chamay, P., Trepo, C, Tiollais, P: Detection of hepatitis B virus DNA in liver and serum: a direct appraisal of the

chronic carrier state. Lancet 2: 765-768, 1981). Further, the plasma is examined with respect to the activities of en-

to zymes, such as GPT (Wrablewski, F. & LaDue, J. S.: Serum glutamic-pyruvic transaminase in cardiac and hepatic

disease, Prcc. See. Exp. Biol. Med., 91, 569, 1956), GOT, guanase and the like, which are employed as the criterion

for the diagnosis of NANB hepatitis. The above-mentioned procedures of the separation of blood into plasma and

erythrocytes and the examination of the plasma are conducted with respect to blood of different lots. The plasmas

which are negative to both surface antigen and genetic DNA of hepatitis B virus and exhibit extremely high activities

45 of the above-mentioned enzymes, for example, exhibit a GPT activity of 100 Karmen units or more, are pooled. With

respect to the Karmen unit, reference may be made to Wrablewski, F. & LaDue, J. S.: Serum glutamic-pyruvic transam-

inase in cardiac and hepatic disease, Proc. Soc. Exp. Biol. Med., 91, 569, 1956.

The number of the NANB hepatitis virus in blood is extremely small as compared to that of the hepatitis B virus

as mentioned hereinbefore. From the results of the infection experiment, the number of the NANB hepatitis virus in

50 btood is estimated to be about 1/10,000 of the number of the hepatitis B virus (Bradley, D.W., (1985): Research per-

spectives in post-transfusion non-A, non-B hepatitis, in "Infection, Immunity and Blood Transfusion", edited by Dodd,

R.Y. & Barker, L.F., published by Alan R. Liss, Inc., New York, pp. 81-97). Therefore, for the extraction of the RNA, it

is preferred to use plasma in a large amount, for example, in an amount as large as about 30 to 100 €. When a

hepatocyte is used as a material, 1 to 3 g of a non-cancerous portion of a liver tissue resected from a patient having

55 hepatoma which is a complication of a chronic NANB hepatitis may advantageously be used.
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Step (2): Preparation of the NANBV RNA

From the material obtained in Step (1), the RNA may be extracted and purified by conventional methods. For
example, when plasma is used as the material for extracting the NANBV RNA, plasma is diluted with about 10 to 150
mM of a conventional buffer so that the final volume may become about 1.5 to 5 times the original volume. Then, the
diluted plasma is used as an original solution for the extraction and purification of the RNA.

On the other hand, when a hepatocyte is used as a material for extracting the NANBV RNA, about 5 to 30-fold

volume of a diluent containing ribonuclease inhibitor is added to the liver tissue. Then, according to the conventional
method using a homogenizer and the like, the liver tissue is crushed or disrupted to obtain a homogenate of a hema-
tocyte. Then, the homogenate is subjected tocentrifugatton to collect a supernatant. The collected supernatant is used
as an original solution for the extraction and purification of the NANBV RNA. The extraction and purification of the RNA
may be conducted by the conventional method, for example, an extraction method in which a mixture of a ribonuclease
inhibitor, such as heparin, diethyl pyrocarbonate and guanidine thiocyanate. with a surfactant, a chelating agent, or a
reducing agent capable of enhancing the denaturation of a protein, is used; a method in which fractionation is conducted
by density gradient centrifugation using sucrose, cesium chloride, Ftcoll (Pharmacia Fine Chemicals AB, Sweden) or
the like as a solute of a gradient; a method in which separation is conducted by affinity column utilizing the 3'-termtnal

poly A chain which an mRNA specifically has; a separation method in which an RNA-bonded polysome is specifically

obtained by the immunopreciphation using an antibody specific for a protein synthesized on the polysome; a phenol
extraction method based on a principle of two-phase separation; a precipitation method by the use of a polyethylene
glycol, a dextran sulfate, an alcohol or the like. The above-mentioned methods may be used alone or in combination.
The above-mentioned procedure for extracting and purifying the NANBV RNA may preferably be conducted at pH 3
to 10 in order to prevent the irreversible denaturation of the RNA.

Step (3): Preparation of a double-stranded cONA from the NANBV RNA

Using the above-obtained NANBV RNA as a template, a cDNA may be prepared by a customary method. That is,

using an oligodeoxythymidine and a hexanucleotide primer as primers, and using a reverse transcriptase, a cDNA
complementary to the NANBV RNA is synthesized using the NANBV RNA as a template to obtain a double-strand
comprising the cDNA and the NANBV RNA which are complementarity bonded to each other Then, the thus obtained
double-strand is reacted with ribonuclease H so that the NANBV RNA is decomposed and removed from the cDNA.
Thus, a single-stranded cDNA is obtained. Using the obtained single-stranded cDNA as a template, a double-stranded
cDNA is synthesized by a DNA synthase. The double-stranded cDNA synthesis may easily be conducted using a
commercially available kit for cDNA synthesis, for example, cDNA Synthesis System Plus® (manufactured and sold
by Amersham International, England), cDNA System Kit® (manufactured and sold by Pharmacia LKB, Sweden), cDNA
Synthesis Kit® (manufactured and sold by Boehringer Mannheim GmbH, West Germany), and the like.

Step (4): Confirmation of the specificity of the synthesized cDNA for the NANBV RNA

In order to confirm the specificity of the synthesized cDNA for the NANBV RNA, the reactivity of the cDNA with a
serum from a patient having NANB hepatitis was examined. The examination may generally be conducted using various
hybridization techniques in combination. For example, the RNA's extracted from the plasma of an NANB hepatitis

patient by the method as described in Step (2) are spotted on a nitrocellulose filter or a nylon fitter Then, the cDNA
prepared in Step (3) is labeled with &Pt and the ^P-labeled cDNA is used as a probe for reacting with the RNA's
spotted on the filter. The specificity of the synthesized cDNA for the NANBV RNA is determined based on the positive

ratio of the dot-hybridization, i.e., the ratio of the number of the dotted RNA's which are hybridized with the labeled

cDNA to the total number of the dotted RNA's.

The ^P-labeled DNA may be prepared as follows. The double-stranded cDNA prepared in Step (3) is subjected

to thermal denaturation to obtain a single-stranded cONA. Then, to the single-stranded cDNA is added a solution

containing ^P-dCTP (^P-labeled deoxycytidine S'-triphosphate), dNTP (deoxyribonucleoside triphosphate) and Kle-

now fragment of a DNA polymerase. Then, the resultant mixture is incubated to thereby synthesize a 32P-labeled

double-stranded cDNA.

The positive ratio with respect to the RNA's derived from the plasma of a healthy human and the positive ratio with

respect to the RNA's derived from the plasma of a hepatitis B patient are 0 % and about 0 to 3 %, respectively. On the

other hand, with respect to the RNA's derived from the plasma of a hepatitis NANB patient, the positive ratio is as high

as about 30 % or more, which means that the synthesized cDNA has a specificity for the NANBV RNA. This indicates

that the double-stranded cDNA obtained in Step (3) has a nucleotide sequence corresponding to that of the NANBV
RNA.

8



EP 0 363 025 B1

Step (5): Preparation of a cDNA library

Using the cDNA prepared in Step (3), a cDNA library is prepared by a customary method. That is, the cDNA
prepared in Step (3) is cut into fragments having different lengths and the resultant various cDNA fragments are indi-

s vidually ligated to replicable cloning vectors, to thereby obtain a cDNA library. As a rep Iicable cloning vector, any known
or commercially available vectors, such as phage genes, cosmids, plasmids and animal virus genes may be used.

When a phage gene or a cosmid is used as a replicable vector, in order to attain high stability and high transforming

ability of the vector after each of the cDNA fragments has been individually inserted therein, the in-vitro packaging of

each of the cDNA-inserted vectors is conducted by a customary method. Thus, the cDNA-inserted vectors are obtained
10 in the form of a recombinant phage particle. The obtained phage particles are used as a cDNA library forcDNA cloning.

On the other hand, when a plasmkj is used as a replicable vector, each of the above-mentioned cDNA fragments is

individually inserted in the plasmid vectors and the resultant cDNA-inserted vectors are then individually introduced

into host cells, such as cells of Escherichia coli . Bacillus subtilis . yeast or the like, according to a customary method.

The thus obtained transformants are used as a cONA library for cDNA cloning. Further, when the animal virus gene is

is used as a replicable vector, each of the above-mentioned cONA fragments is individually inserted in the virus gene
vectors and the resultant recombinant viruses are then individually transfected into sensitive animal cells according to

a standard method and multiplied in the cells. In the case of the recombinant virus, the obtained recombinant viruses

as such are used as a cDNA library.

The preparation of the cDNA library may easily be conducted using a commercially available kit, for example,
20 cDNA cloning system XgtlO and XgtH (manufactured and sold by Amersham International, England; BRL Inc., U.S.

A.; and Stratagene Inc., U.S.A.), in-vitro packaging system (manufactured and sold by Amersham International, Eng-
land, and BRL Inc., U.S.A.) and the like.

Step (6): Cloning of a cONA containing an NANBV gene from the cONA library

25

In this step, a cDNA clone containing an NANBV gene is obtained. When the cDNA library is comprised of trans-

formants, the transformants are cultured on a standard agar medium to form colonies. On the other hand, when the

cDNA library is comprised of recombinant phage particles or recombinant viruses, these phage particles or recombinant

viruses are used to infect known sensitive host cells, such as Escherichia coli . Bacillus subtilis . yeast, animal cell culture

30 and the like, and cultured to form a plaque, or to multiply the infected cells. The above-obtained transformant colonies,

plaques or infected cells are subjected to immunoassay by a standard method using a serum from a convalescent

patient having acute NANB hepatitis and a serum from a patient having chronic NANB hepatitis individually, so that

colonies, plaques or infected cells which have produced an NANBV antigen specifically reacted with at least one of

the above-mentioned sera are selected and isolated. For the strict selection of the colonies, plaques and infected cells,

35 it is preferred that the above procedure be repeated. From each of the thus selected and isolated colonies, plaques
or the infected cells, a cDNA clone containing an NANBV gene is isolated according to a standard method described

in T Maniatis et at., Molecular Cloning, A Laboratory Manual, published by Cold Spring Harbor Laboratory, U.S.A., pp.

309-433(1982).

The immunoassay may be conducted by, for example, an enzyme-labeled antibody technique in which an antibody
40 labeled with an enzyme, such as peroxidase and alkaline phosphatase, is used; and a fluorescent antibody technique

in which an antibody labeled with fluorescein isothiocyanate, europium or the like is used. It is preferred that the im-

munoassay by the above-mentioned technique be conducted by an indirect method because with the indirect method,

high sensitivity immnoassay can be attained even by the use of an extremely small amount of a serum from a patient.

As a primary antibody to be used in the indirect method, a serum from a patient having NANB hepatitis or a serum
45 from achimpanzee having NANB hepatitismay preferably be employed because these sera contain an antibody against

an NANBVantigen in relatively large amount. As a secondary antibody to be used in the indirect method, a commercially
available anti-human Ig antibody labeled with an enzyme, a fluorescent substance or the like may be used.

A specimen to be subjected to immunoassay may be prepared according to a conventional method, for example,

a btotting method in which nucleic acids and proteins of the colonies, plaques and infected cells are adsorbed on a
so filter membrane, a method in which a microptate or a slide glass for microscopy is used, or the like. When the blotting

method is used in combination with an indirect, enzyme-labeled antibody technique, the selection of the intended

colonies, plaques or infected cells from an extremely large number of the original colonies, the original plaques or the

original infected cells can be conducted easily and promptly. In this case, blotting is conducted by contacting a com-
mercially available filter made of nitrocellulose, cellulose acetate, nylon or the like, with the colonies, the plaques or

55 the infected cells.

In this step, it is preferred to determine the nucleotide sequence of each of the obtained cDNA clones. The deter-

mination of the nucleotide sequence of the cDNA clone may generally be conducted according to a conventional meth-

od, for example, the Maxam-Gilbert method, the dideoxy chain termination method (Analytical Biochemistry, 152,

9
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232-238, 1986), or the like.

The cDNA clones are preferably classified into groups according to the respective properties of the NANBV antigen

peptides coded for by the cDNA clones in order to identify clones from one another. In this connection, it has been

found that some of NANBVs have an ability to cause a tubular structure to be formed in the cytoplasm of a hepatocyte

s of a chimpanzee, and some of NANBV do not have such an ability (Science, 205, 1 97-200, 1 979). Therefore, the cDNA
clones may be identified and classified by examining the serological reactivity of each cDNA clone with a serum from

a chimpanzee infected with an NANBV of the type which causes a tubular structure to be formed in the cytoplasm of

the hepatocyte of the chimpanzee, and a serum from a chimpanzee infected with an NANBV of the type which does

not cause a tubular structure to be formed in the cytoplasm of the hepatocyte of the chimpanzee. The examination of

10 this serological reactivity may be conducted by immunoassay mentioned above.

Step (7): Expression of the cDNA clone containing an NANBV gene and mass-production of an NANBV antigen peptide

In order to express the cloned cDNA containing an NANBV antigen gene to produce an NANBV antigen peptide

is on a commercial scale, part or whole of the cloned cDNA present in the cDNA clone is taken out from the repltcable

cloning vector and recombined with a repltcable expression vector. Illustratively stated, part or all of the cDNA of each

cDNA clone is cut off using a restriction enzyme to obtain a DNA fragment containing an NANBV antigen gene (here-

inafter referred to as 'NANBV DNA fragment"). The NANBV DNA fragment is then inserted in a repltcable expression

vector by a customary method. When one DNA fragment is inserted in an expression vector, one type of antigen peptide

20 can be produced by gene expression. When two or more of different DNA fragments are inserted in sequence in an

expression vector, an antigen peptide can be produced by gene expression in the form of a fused peptide comprising

peptides coded for by the inserted DNA fragments.

As the replicable expression vector which may be used in this step, any conventionally known or commercially

available expression vector can be used. Examples of expression vectors include plasm id vector pSN508 for entera-

ls bacteria (U.S. Patent No. 4,703,005), plasmid vector pBH103 for yeast, and its series (Japanese Patent Application

Laid-Open Specification No. 63-22098), plasmid pJM105 (Japanese Patent Application Laid-open Specification No.

62-286930), an attenuated chicken pox virus gene (Japanese Patent Application Laid-Open Specification No.

53-41 202), an attenuated Marek's disease virus (The Journal of Japanese Society of Veterinary, 27, 20-24 (1 974), and

Qan Monograph on Cancer Research, _10, 91 -107 (1 971 )), plasmid pTTQ series (manufactured and sold by Amersham
30 International, England), plasmid pSLV series (manufactured and sold by Pharmacia LKB, Sweden), and the like.

The NANB DNA-inserted expression vectors are individually introduced or transfected into host cells sensitive to

the vector according to a conventional method, to obtain transformants. Then, from the transformants, the transformant

(s) which has produced an NANBV antigen peptide is selected. The production of an NANBV antigen peptide may be

detected by the immunoassay mentioned above in Step (6). When an animal virus gene is used as an expression

35 vector, a recombinant virus having an NANBV antigen peptide on the surface thereof may be obtained. Such a recom-

binant virus may advantageously be used as a raw material for a multifunctional vaccine having not only an antigenicity

inherent in the virus vector but also an antigenicity of the NANBV.
By culturing the transformant or the recombinant virus obtained above according to a customary method, an NAN-

BV antigen peptide can be produced in the culture of the transformant or the recombinant virus on a commercial scale.

40

Step (8): Purification of an NANBV antigen peptide

The NANBV antigen peptide produced in the culture of the transformant or recombinant virus may be purified using

an appropriate combination of customary techniques selected from, for example, salting-out; adsorption and desorption

45 using a silica gel, an activated carbon or the like; precipitation by an inorganic solvent; fractionation by ultracentrifu-

gation; ion exchange chromatography; affinity chromatography; high-performance liquid chromatography; electro-

phoresis, and the like.

When the NANBV antigen peptide is purified from the culture of an E. coji transformant or a yeast transformant,

from a viewpoint of the effective removal of allergens derived from E. coji and yeast which cause the quality of the final

so product of the NANBV antigen peptide to be markedly towered, it is preferred that the purification be conducted by, for

example, the steps of adsorption and elution using a silica gel, removal of impurities by adsorption on an activated

carbon, and density gradient centrtfugatton in this order (Japanese Patent Application Laid-Open Specification No.

63-297). When the NANBV antigen peptide is purified from the culture of a recombinant virus, e.g., the culture of a

recombinant virus-infected cells, a high purity NANBV antigen peptide can be obtained by subjecting a crude solution

5$ containing the antigen peptide to purification by ultracentrifugation and density gradient centrifugation repeatedly.

Thus, a solution containing a purified NANBV antigen peptide of the present invention is obtained. If desired, the

solution may be tyophilized to obtain a purified NANBV antigen peptide in a dry form.

The mixed peptide antigen of the present invention may be obtained by mixing at least two different types of the

10
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NANBV antigen peptides obtained by gene expression of at least two different types cDNA's having different nucleotide

sequences.

The purified NANBV antigen peptide of the present invention is useful as a diagnostic agent for diagnosing NANB
hepatitis. Accordingly, in still a further object of the present invention, there is provided a method of diagnosing non-

5 A, non-B hepatitis, which comprises:

contacting serum from an unknown patient with a non-A, non-B hepatitis virus antigen peptide which peptide ex-

hibits an antigen-antibody reaction with at least one member selected from the group consisting of serum from a

convalescent patient having acute non-A, non-B hepatitis and serum from a patient having chronic non-A, non-B

10 hepatitis, and does not exhibit an antigen-antibody reaction either with serum from a human clinically diagnosed

as negative to hepatitis or with serum from a patient having hepatitis diagnosed as other than non-A, non-B hep-

atitis;

determining whether said serum reacts with said non-A, non-B hepatitis virus antigen peptide; and

classifying said serum as positive or negative to non-A, non-B hepatitis based on said reactivity.

The contact of serum from a patient with the NANBV antigen peptide of the present invention may be conducted

in substantially the same manner as described in Step (6) mentioned above, except that a serum from a patient who
is not determined as to whether or not the patient is an NANB hepatitis patient is used instead of the serum from a

patient having NANB hepatitis.

20 The NANBV antigen peptide of the present invention for use in the above-mentioned method may be prepared as

follows. The purified NANBV antigen peptide solution in Step (8) mentioned above is put in a vessel such as a vial and

an ampul and sealed. The antigen peptide solution put in a vessel may be lyophilized before sealing in the same
manner as mentioned above. The amount of the NANBV antigen peptide put in a vessel is generally about 1 u>g to

about 10 mg. Alternatively, the NANBV antigen peptide may also be adsorbed on the surface of a customarily used

25 support, such as a microplate, polyethylene beads, fitter paper or a membrane.

The determination of the reactivity of the serum with the NANBV antigen peptide may be conducted in substantially

the same manner as described in Step (6) mentioned above. That is, the determination of the reactivity may be con-

ducted by a conventional immunoassay method, such as radioimmunoassay (RIA), enzyme-Jinked immunosorbent

assay (EUSA), fluorescent antibody technique (FA), passive haemagglutination (PHA), reversed passive haemagglu-

30 tination (rPHA) and the like. The amount of the NANBV antigen peptide to be used for the above immunoassay is

generally from about 0.1 to about 100 mg/ml of serum. Particularly, the amounts of the NANBV antigen peptide to be

used for RIA, ELISA, FA, PHA and rPHA are generally from 0.1 to 1 mo/ml, from 0.1 to 1 mg/ml, from 1 to 100 mg/ml,

from 1 to 50 mg/ml and from 1 to 50 mg/ml, respectively.

The NANBV antigen peptide of the present invention may also be used for screening blood for transfusion. Ac-

6 cordingly, in still a further aspect of the present invention, there is provided a method for screening a blood for trans-

fusion, comprising:

a) isolating serum from whole blood;

b) contacting a serum of an unknown blood with non-A, non-B hepatitis virus antigen peptide which exhibits an

40 antigen-antibody reaction with at least one member selected from the group consisting of serum from a convales-

cent patient having acute non-A, non-B hepatitis and serum from a patient having chronic non-A, non-B hepatitis,

and does not exhibit an antigen-antibody reaction with serum from a human clinical ry diagnosed as negative to

hepatitis and with serum from a patient having hepatitis diagnosed as other than non-A, non-B hepatitis;

c) determining whether said serum reacts with said non-A, non-B hepatitis virus antigen peptide;

is d) classifying said serum as positive or negative to non-A, non-B hepatitis based on said reactivity; and

e) effecting separation of the blood in accordance with said identification.

The contact of serum of an unknown blood with the NANBV antigen peptide of the present invention, and the

determination of the reactivity of the serum of the blood with the NANBV antigen peptide may be conducted in the

so same manner as mentioned above with respect to the method for diagnosing NANBV antigen peptide. By the present

method, a blood for transfusion free from the NANBV can be selected.

Further, the NANBV antigen peptide of the present invention may advantageously be used as an active ingredient

of a vaccine for NANB hepatitis. The vaccine for NANB hepatitis may be prepared as follows. The culturing of a trans-

formant containing a recombinant phage or plasmid carrying the cONA coding for the NANBV antigen peptide, or a

55 cell infected with the recombinant virus carrying the cDNA coding for the NANBV antigen peptide is conducted in the

same manner as described above to produce the NANBV antigen peptide in the culture. For detoxifying the NANBV
antigen peptide in the culture to secure the safety of the antigen peptide and for fixing the antigen peptide to stabilize

the immunogenicity and the antigenicity of the antigen peptide, it is preferred to add a conventional inactivating agent
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to the cuttura of the transformant or recombinant virus-infected cell, or to a culture medium obtained by removing the

transformant cells or the recombinant virus-infected cell For example, an inactivating agent, such as formalin, may be

added in an amount of from 0.0001 to 0.001 v/v%, followed by incubation at 4 to 37 °C for 5 to 90 days. Then, the

resultant culture or culture medium is subjected to purification in the same manner as mentioned above. Thus, an
$ original NANB hepatitis vaccine solution containing the purified NANBV antigen peptide is obtained.

The original NANBV hepatitis vaccine solution is filtered using a microliter by a standard method to sterilize the

solution. The filtrate is diluted with physiological saline so that the protein concentration is about 1 to about 500 u>g/ml

as measured by the Lowry method. To the resultant solution is then added aluminum hydroxide gel as an adjuvant so
that the concentration of the added gel becomes about 0. 1 to about 1 .0 mg/ml. As an adjuvant, there may also be

*o employed precipitating depositary adjuvants such as calcium phosphate gel, aluminum phosphate gel, aluminum sul-

fate, alumina and bentonite, and antibody-production inducing adjuvants such as muramyl peptide derivatives, poly-

nucleotides, Krestin® (manufactured and sold by Kureha Chemical Industry Co., Ltd., Japan) and picibanil (both of

which are an antineoplastic agent). Further, to the mixture, at least one stabilizing agentmay be added. As the stabilizing

agent, any commercially available stabilizing agent may be used. Examples of stabilizing agents include gelatin and
'5 hydrolysates thereof, albumin, succharides such as glucose, fructose, galactose, sucrose and lactose, and amino acids

such as glycine, alanine, lysine, arginine and glutamtne.

Then, the thus obtained NANB hepatitis vaccine solution containing a gel-adsorbed NANBV antigen peptide is

separately poured into a small vessel, such as an ampul and a vial, and sealed. Thus, there is obtained a purified

adsorbed NANB hepatitis vaccine comprising an adsorbed NANBV antigen peptide.

20 The NANB hepatitis vaccine solution thus obtained may be lyophilized to obtain the NANB hepatitis vaccine in a
dried form so that the product can be transported to and stored at a place of severe atmosphere, for example, in an
area in the tropics. The lyophilization may generally be conducted according to a standard method after the liquid

adsorbed NANB hepatitis vaccine is put in a vessel such as a vial and an ampul. After lyophilization, a nitrogen gas is

introduced in the vessel containing the dried vaccine, followed by sealing. Incidentally, the quality of the vaccine pro-
2S duced is examined in accordance with "Adsorbed Hepatitis B vaccine', "Dried Japanese Encephalitis Vaccine*, and

"Adsorbed Pertussis vaccine" provided for in Notification No. 1 59 of the Ministry of Health and Welfare, Japan, "Min-

imum Requirements for Biological Products".

The NANB hepatitis vaccine may be prepared in the form of a mixed vaccine which contains an adsorbed NANBV
antigen peptide mentioned above and at least one antigen other than the present NANBV antigen peptide. As the

30 antigen other than the present NANBV antigen peptide, there may be employed any antigens that are conventionally

used as active ingredients of the corresponding vaccines insofar as the side effects and adverse reactions caused by
such other antigens and the NANBV antigen peptide are not additively or synergistically increased by the use of the

NANBV antigen peptide and such other antigens in combination and the antigenicities and immunogenicities of the

NANBV antigen peptide and such other antigens are not reduced by the interference between the NANBV antigen

& peptide and other antigens. The number and the types of the antigens which may be mixed with the NANBV antigen

peptide are not limited insofar as the side effects and adverse reactions are not increased additively or synergistically

and the antigenicity and immunogenic^ of each of the NANBV antigen peptide and such antigens are not reduced as
mentioned above. Generally, two to six types of antigens may be mixed with the NANBV antigen peptide. Examples
of antigens which may be mixed with the present NANBV antigen peptide, include detoxified antigens, inactivated

40 antigens or toxoids which are derived from Japanese encephalitis virus, HFRS (hemorrhagic fever with renal syndrome)
virus, influenza virus, parainfluenza virus, hepatitis B virus, dengue fever virus, AIDS virus. Bordetella pertussis, diph-

theria bacillus, tetanus bacillus, meningococcus, pneumococcus and the like.

Generally, the vaccine comprising the NANBV antigen peptide of the present invention may be contained and
sealed in a vial, an ampul or the like. The vaccine of the present invention may generally be administered in the form

45 of a liquid or suspension. In the case where the vaccine is in a dried form, the vaccine is dissolved or suspended in

sterilized distilled water before administration, the amount of the distilled water being such that the volume becomes
the original volume before being subjected to lyophilization. Generally, the vaccine may be administered subcutane-

ously. The dose of the vaccine per person may generally be about 0.5 ml. In general, the dose of the vaccine per child

may be half as much as that of the vaccine per adult. The vaccine may generally be administered twice at an interval

so of about one week to one month and then, about half a year later, administered once more.

Further, the NANBV antigen peptide may be used for preparing an antibody, such as a polyclonal antibody and a
monoclonal antibody, specific for the NANBV antigen peptide. For example, a polyclonal antibody specific for the NAN-
BV antigen peptide may be prepared by a conventional method as follows. The purified NANBV antigen peptide of the

present invention is inoculated subcutaneously, intramuscularly, intraperitoneal^ or intravenously to an animal, such
ss as mouse, guinea pig and rabbit The inoculation of the NANBV antigen peptide is generally conducted several times

at intervals of 1 to 4 weeks, to thereby completely immunize the animal. In order to enhance the immunizing effect, a

conventional and commercially available adjuvant may be used. Then, blood serum is collected from the immunized
animal and an anti-NANBV antigen peptide polyclonal antibody is isolated and purified from the blood serum according
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to a standard method.

On the other hand, a monoclonal antibody specific for the NANBV antigen peptide may be prepared by a conven-
tional method as described in, for example, Cell Technology,

J.,
23-29 (1982). For example, the splenic cells obtained

from a mouse immunized with the purified NANBV antigen peptide are fused with commercially available mouse my-
5 eloma cells by cell fusion technique, to obtain hybridomas. The hybridomas are screened to obtain a hybridoma capable

of producing an antibody reactive with the NANBV antigen peptide. The obtained hybridoma is cultured in a standard

method. From the supernatant of the culture, an anti-NANBV antigen peptide monoclonal antibody is isolated and
purified by a standard method.

The above-mentioned polyclonal antibody and monoclonal antibody may also be used as a diagnostic agent for

10 diagnosing NANB hepatitis. The diagnosis of NANB hepatitis using the antibody may be conducted by immunoassay
in substantially the same manner as mentioned above with respect to the diagnosis of NANB hepatitis using the NANBV
antigen peptide. By the use of the polyclonal antibody or the monoclonal antibody, the identification and quantification

of the NANBV antigen peptide present in a liver tissue and blood can be conducted.

The cDNA of the present invention coding for the NANBV antigen peptide may also be used for diagnosing NANB
1$ hepatitis by hybridization technique. That is, the cDNA coding for the NANBV antigen peptide is labeled with, for ex-

ample, biotin, alkaline phosphatase, radioisotope or the like and used as a probe for hybridization. The cDNA to

be used for the diagnosis may be prepared by a standarad method, for example, as follows. The recombinant phage
containing the NANBV cDNA obtained in Step (6) mentioned above is digested with an appropriate restriction enzyme
to cut off the DNA fragment containing the NANBV cONA. The obtained DNA fragment is ligated to a commercially

20 available repltcable cloning plasmid to obtain a recombinant plasmid containing the DNA fragment. The recombinant
plasmid is introduced in a host cell to form a transformant and the transforrrtant is cultured to multiply the recombinant
plasmid. The multiplied recombinant plasmid is isolated from the transformant and digested with a restriction enzyme.
The resultant digest is subjected to low-meling point agarose gel electrophoresis to isolate and purify the cDNA coding
for the NANBV antigen peptide. The thus obtained cDNA is labeled with biotin, alkaline phosphatase, radioisotope .

25 or the like. The labeling of the cDNA may be conducted by using a commercially available nick translation kit or mul-
tiprime kit (manufactured and sold by, for example, Amersham International, England; Nippon Gene Co., Ltd., Japan;
and the like). The labeled cDNA is put in a vessel, such as a vial or an ampul, and sealed. The amount of the labeled

cDNA put in a vessel is generally 1 to 100 ug per vessel. The labeled cDNA may be contained in the vessel in the form
of a solution. Alternatively, the labeled cDNA may be contained in the vessel in a lyophiltzed state. The diagnosis of

30 NANB hepatitis by the use of the labeled cDNA is conducted by a standard hybridization method. That is, a plasma,
a serum or leukocytes obtained from a patient is placed in contact with the labeled cDNA and an RNA hybridized with

the labeled cDNA is detected. The detection of the RNA hybridized with the labeled cDNA may be conducted by a
standard method. When the cDNA is labeled with an enzyme, the detection is conducted by enzyme immunoassay
When the cDNA is labeled with a radioisotope, the detection is conducted by, for example, scintillation counting.

35 The NANBV antigen peptide of the present invention is specifically reactive with the NANBV. Therefore, when the

NANBV antigen peptide is used as a diagnostic agent, the diagnosis of NANB hepatitis can be conducted easily with

high reliability. Further, when the NANBV antigen peptide of the present invention is used for screening blood for

transfusion, blood which is infected by NANBV can be selected easily with high reliability and removed from blood not

infected by NANBV. Therefore, the post-transfusion NANB hepatitis can be prevented.
<o Further, the NANBV antigen peptide of the present invention may advantageously be used as an active ingredient

of a vaccine for preventing NANBV hepatitis.

Further, by the use of the NANBV antigen peptide of the present invention, an antibody, particularly monoclonal

antibody, specific for NANBV can easily be prepared. The antibody specific for NANBV can advantageously be used
as not only a diagnostic agent for diagnosing NANB hepatitis, but also an active ingredient of a vaccine for treating

<s NANB hepatitis.

Further, the NANBV antigen peptide of the present invention is not produced by the infection of an animal with a
virus, but produced by gene expression of the DNA coding for the present antigen peptide in a host cell. Hence, the

possibility of infection during the steps for production of the present antigen peptide is substantially eliminated. Also,

the production cost can be decreased. Moreover, since all of the materials used in the production process, e.g., medium
so for the incubation system, are well-known in respect of the composition and construction thereof, purification is facile

and an antigen peptide product having high purity can be obtained.

The present invention will now be described in detail with reference to the following Examples, which should not

be construed to be limiting the scope of the present invention.

13
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Example 1

Step 1 (Extraction of a plasma RNA for preparing cONA)

s To 70 € of plasma which has a GPT activity of 100 Karmen/€ or more (as measured by the method of Wroblewski,

F. & LaDue, J. S.: Serum glutamic pyruvic transaminase in cardiac and hepatic disease, Proc. Soc. Exp. Biol. Med.,

91: 569, 1956) and is negative to the surface antigen and DNA of hepatitis B virus (as measured by the method of

Brechot, C, Hadchouel, M., Scotto, J., Degos, R, Chamay, P., Trepo, C. ( Tiollais, P.: Detection of hepatitis B virus DNA
in liver and serum: a direct appraisal of the chronic carrier state, Lancet 2: 765-768, 1 981 ) was added an equal volume

10 of an aqueous diluent containing 50 mM Tris-HCI and 1 mM EDTA (pH 8.0). The resultant mixture was subjected to

continuous flow centrifugation at 7,400 x g, 4 *C at a flow rate of 300 nWmin to obtain a supernatant. The supernatant

was subjected to sucrose density gradient centrifugation using a sucrose density gradient of 0 to 60% (w/v), at 90,000
x g, 4 °C at a flow rate of 100 ml/hour by means of a zonal centrifuge (manufactured and sold by Electro Nucleonics,

U.S.A.) to conduct the fractionation of the supernatant Thus, there were obtained a precipitate fraction, a first fraction

is containing substances of a specific gravity of 1 . 1 7 to 1 .29, a second fraction containing substances of a specific gravity

of 1 . 1 2 to 1 . 1 7 and the uppermost fatoontaining layer as a third fraction. Each of the fractions was subjected to dialysis

against a solution containing 25 mM Tris-HCI (pH 8.0) and 0.5 mM EDTA to remove the sucrose. After lyophilizing

each of the dialyzed fractions, each of the fractions was dissolved in 20 ml of a solution containing 4 M guanidine

thiocyanate, 20 mM sodium citrate (pH 7.0), 0.5 % sarcosine and 0.1 M 2-mercaptoethanol (RNA Solution A).

20 in order to extract RNA, 1/10 volume of 2 M acetic acid buffer (pH 4.1) was added to the above-obtained RNA
solution A and, further added 300 u.g of a poly C (manufactured and sold by P-L Biochemicals Co., Ltd., Sweden) as
a carrier RNA. To the mixture was added a phenol containing chloroform and isoamyl alcohol to extract a nucleic acid

in an aqueous layer. To the thus obtained aqueous layer was added an equal volume of isopropanol to precipitate the
nucleic acid. The obtained precipitate was dissolved in 2 M acetic acid buffer (pH 4. 1 ) containing 0.2 ml of 4M guanidine

& thiocyanate. Then, an equal amount of isopropanol was added to the resultant buffer solution to precipitate the nucleic

acid. The resultant precipitate was stored at -70 °C in 75 w/w% ethanol.

Further, in order to remove a DNA which was co-present together with the nucleic acid, the nucleic acid was treated

with a deoxyribonuclease (DNase) (manufactured and sold by Promega Biotex, U.S.A.) which had been subjected to

affinity chromatography using a column packed with 5,

-(4-aminophenylphosphoryl)-uridine-2,

(3
,

)-phosphate agarose
30 (manufactured and sold by Promega Biotex, Miles-Yeda Lab., U.S.A.) to completely remove rebonuclease (RNase)

therefrom. Thus, the co-present DNA was digested and removed. Further, for removing the poly C added as a carrier

RNA from the nucleic acid, the nucleic acid was subjected to affinity chromatography using oligo (dG) cellulose column
(manufactured and sold by Pharmacia Fine Chemicals AB, Sweden, type 7, 2 gm) to obtain a fraction containing the

nucleic acid. Then, the obtained fraction was applied to a column packed with NENSORB (manufactured and sold by
35 E.I. DuPont De Nemours and Company, U.S.A.) and fyophilized, to thereby obtain a purified RNA.

Step 2 (Preparation of a double-stranded cDNA)

A double-stranded cDNA was prepared from the above-obtained RNA using a commercially available cDNA syn-
40 thesis kit (manufactured and sold by Amersham International, England). Illustratively stated, 1 ug of the purified RNA

prepared in Step 1 of Example 1 and 8 u.l of a standard solution attached to the kit were put in a reaction tube. Then,
to the mixture was added an oligo (dT) primer, 20 u.Ci of (a-32p)dCTP and 20 units of a reverse transcriptase. Then,
the above-mentioned standard solution was added to the mixture in an amount such that the total volume of the resultant

mixture became 20 uJ. The mixture was incubated at 42 °C for 40 min to advance a reaction. Then, the reaction tube
^5 containing the mixture was cooled in ice water. For synthesizing the second cDNA strand, to the mixture in the reaction

tube cooled in ice water were added 37.5 uJ of a buffer for the double-stranded cDNA synthesis, which is attached to

the kit, 20 u£i of (a-^PJdCTP, 0.8 unit of Escherichia coli ribonuclease H and 23 units of Escherichia coli DNA polym-

erize I. Then, distilled water was added to the mixture in an amount such that the total volume of the resultant mixture

became 100 uJ. The thus obtained mixture was incubated at 12 °C for 60 min and, then, incubated at 22 °C for 60 min
50 and further incubated at 70 °C for 10 min. To the resultant mixture were added 2 units of T4 DNA polymerase and the

mixture was incubated at 37 9C for 10 min to advance a reaction. Then, 4 \i\ of a 0.25 M aqueous EDTA (pH 8.0) was
added to the resultant mixture to terminate the reaction.

To 1 04 uJ of the above-obtained reaction mixture was added an equivolume of a mixture of phenol and chloroform

(1:1, v/v) and sufficiently mixed together. The mixture is then centrifuged at 1 0,000 rpm for 1 min and an aqueous layer

55 was collected. To the above-obtained aqueous layer, a mixture of phenol and chloroform was added and centrifuged

in the same manner as mentioned above to obtain an aqueous layer. Then, an equivolume of chloroform was added
to the aqueous layer and sufficiently mixed together, followed by centrifugation for several seconds to obtain an aqueous
layer. To the obtained aqueous layer was added an equivolume of 4 M aqueous ammonium acetate and further added
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a 2-fold volume of cold othanol (-20 °C) to form a cDNA precipitate. The mixture was then centrifuged at 15,000 rpm
for 10 min to collect the precipitate. The thus obtained precipitate was dissolved in 50 uJ of 2 M aqueous ammonium
acetate. 100 u.l of cold ethanol was added to the solution to precipitate a cDNA, followed by centrifugatton to collect

the precipitate. The collected precipitate was dried and dissolved in 20 uJ of a TE buffer containing 10 mM Tris-HCI

5 (pH 8.0) and 0.1 mM EDTA, and stored at -20 °C. The precipitate comprises a plurality of cDNA's complementary to

different portions of the RNA obtained in Step 1 of Example 1

.

Step 3 (Preparation of 32P-labeled cDNA probes)

10 25 ng of the cDNA precipitate prepared in Step 2 of Example 1 was heated at 100 °C for 5 min and immediately

cooled, to thereby form a single-stranded ONA. To the single-stranded ONA were added 20 jog of bovine serum albumin,

50 u.Ci of ^P-dCTP (3000 Ci/mmol), 1 mmol dNTP (not containing dCTP), 5 ng of a random hexanucleotide and 2
units of a ONA polymerase I (Klenow fragment) and the total volume of the resultant mixture was adjusted to 50 uJ by
the addition of a TE buffer. The resultant mixture was incubated at 42 °C for 20 min to advance a reaction, and imme-

'5 diatery applied to a column packed with Sephadex G50 (manufactured and sold by Pharmacia Fine Chemicals AB,

Sweden) to thereby remove an unreacted ^P-dCTP. Thus, ^P-labeled cDNA probes were obtained.

Step 4 (Detection of NANBV nucleic acid by dot hybridization)

20 Using sera from healthy human adults (1 0 samples), sera from patients having hepatitis B (20 samples) and sera

from patients having NANB hepatitis (60 samples), whether or not the nucleic acid of the NANBV in the serum can be
detected using the 32P-labeled cDNA probes obtained in Step 3 of Example 1 was examined by dot hybridization as
follows.

1 0 ml of each serum was added an equivolume of a diluent containing 50 mM Tris-HCI (pH 8.0) and 0.1 mM EDTA,
and subjected to centrifugation at 1 00,000 x g for 6 hours to thereby obtain a precipitate. The thus obtained precipitate

was dissolved in 0 2 mi of a solution containing 4 M guanidine thiocyanate mentioned in Step 1 of Example 1 . To the

resultant solution were added 8 u,g of poly C and 20 uJ of 2 M aqueous sodium acetate (pH 4.1), followed by phenol

extraction and isopropyl alcohol precipitation to obtain a precipitate. The thus obtained precipitate was dissolved in the

above-mentioned solution containing 4 M guanidine thiocyanate, followed by isopropyl alcohol precipitation to obtain

30 a precipitate. The thus obtained precipitate was dissolved in 0.2 ml of a TE buffer containing 1 0 mM Tris-HCI (pH 8.0)

and 0.1 mM EDTA. Further, the resultant solution was passed through the above-mentioned oligo(dG) column and
NENSORB column successively, and to the resultant eluate was added formamide so that the formamide concentration
of the resultant addition became 15 % by weight and, further added an equivolume of 20 x SSC solution (3 M sodium
chloride and 0.3 M sodium citrate). The thus obtained mixture was heated at 50 °C for 15 min and immediately cooled

35 jn ice. The resultant mixture was spotted on BIODAIN nylon filter (manufactured and sold by Pall Co., U.S.A.). Then,
the nylon filter was subjected to baking at 80 °C for 2 hours. The resultant filter was treated with a prephybridization

solution containing 50 w/w% formamide, 5 x SSC, 5x Denhart, 50mM phosphate-crtrate buffer (pH 6.5), 1 w/w% gticine

and 100 u,g/ml salmon sperm DNA at 42 °C for 6 hours and the solution was discarded. On the other hand, the ^P-
labeled cDNA probes prepared in Step 3 of Example 1 was added to a prehybrtdization solution as mentioned above.

40 The above-obtained filter was put into the above-obtained prehybridization solution containing the ^P-labeled cDNA
probes and incubated at 42 °C for 22 hours to conduct hybridization. Then, the resultant fitter was washed with a 2 x
SSC solution containing 0.1 % SOS four times and, further washed with a 0.1 x SSC solution containing 0.1 % SOS
twice. The washed filter was dried and subjected to autoradiography to determine whether a nucleic acid hybridized

with ^P-labeled cDNA probes is present (positive) or not (negative). The results are shown in Table 1 . The results

*s show that by the use of the cDNA probes, i.e., the ^P-labeled cDNA probes prepared from the purified RNA of Step

1 of Example 1 , the nucleic acid of the NANBV was specifically detected at high positive ratio (the ratio of the number
of positive samples to the number of samples examined).

Table 1

50 The number of samples

examined

The number of positive

samples

Positive ratio (%)

Healthy human adult 10 0 0

Patient having hepatitis B 20 1 5

55 Patient having NANB 60 24 40
hepatitis
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Step 5 (Preparation of a cDNA library using Xgtlt phage)

Using a commercially available cDNA cloning kit (manufactured and sold by Amersham International, England),

the cDNA library was prepared as follows.

5

(i) Preparation of EcoRI linker-tailed cDNA's

To 200 ng of the cDNA precipitate prepared in Step 2 of Example 1 was added 4 uJ of a M-buffer and 2 u.l of

1 x SAM solution, both of which were provided with the above-mentioned kit. Then, distilled water was added to

the above-obtained solution so that the total volume of the resultant solution became 20 uJ. To the thus obtained

10 solution was added 4 units of EcoRI methylase and incubated at 37 •C for 60 min. Then, the resultant reaction

solution was heated at 70 °C for 10 min to form a methylated cDNA For adding an EcoRI linker to the ends of the

methylated cDNA, 3 uJ of L-buffer and 2 uJ of EcoRI linker, both of which were attached to the kit, were added to

the above-obtained solution containing the methylated cDNA Then, distilled water was added to the solution so

that the total volume of the resultant solution became 30 ul To the solution were added 5 units of T4 DNA ligase

is and the mixture was incubated at 15 °C for 18 hours. The resultant solution was heated at 70 °C for 10 min to

inactivate the ligase. Further, 10 uJ of E-buffer attached to the kit was added to the solution and distilled waterwas
added so that the total volume of the resultant solution became 100 uJ. To the solution, 100 units of a restriction

enzyme EcoRI were added and the mixture was incubated at 37 °C for 5 hours to advance a reaction. Then, the

reaction mixture was heated at 70 °C for 10 min to terminate the reaction. For removing the surplus of the EcoRI
20 linker remaining unreacted, the obtained solution was applied to a column attached to the kit and a fraction con-

taining the cDNA was collected. To the fraction was added 1/10 volume of 3M aqueous sodium acetate and 2.5-fold

volume of cold ethanol, and the resultant mixture was cooled at -20 °C to precipitate the EcoRI -tailed cDNA's. The
precipitated cDNA's were collected and dissolved in STE-buffer provided with the kit at a cDNA concentration of

about 50 ng/uJ.

2S (ii) insertion of the EcoRI linker-added cDNA to Xgt11 phage

To 50 ng of the EcoRI linker-tailed cDNA's were added 2 uJ of a Xgt11 arm DNA and 1 uJ of L-buffer, both of

which were provided with to the kit. Then, distilled water was added to the mixture so that the total volume of the

resultant solution became 10 uJ. Further, 2.5 units of T4 DNA ligase were added to the mixture, foilowed by incu-

bation at 15 "C for 18 hours to thereby prepare recombinant Xgtll DNA's.

30 (iii) In-vitro packaging of the recombinant Xgt1 1 DNA
To the solution containing the recombinant Xgt11 DNA's prepared above were added 10 uJ of solution (A) and

15 uJ of solution (B), both of which were provided with the kit, and the mixture was incubated at 20 °C for 2 hours

to form recombinant phages. To the resultant mixture was added 0.5 ml of SM-buffer provided with the kit and,

further added 10 uJ of chloroform. The thus obtained mixture was stored as a cDNA library at 4 °C.

35

Step 6 (Cloning of a cDNA clone containing the nucleic acid of NANBV from the cDNA library)

Escherichia coli strain Y 1 090 provided with the same cDNA cloning kit as used in Step 4 of Example 1 was cultured

at 37 °C in 50 ml of an LBM medium containing 1 w/v% trypton, 0.5 w/v % yeast extract, 1 w/v% sodium chloride and
*o 50 u.g/ml ampictllin. When the celts of the strain were grown to a logarithmic growth phase and the cell concentration

became 2.5 x lOtyml, the cells were collected by centrifligation at 3,000 rpm for 5 min and suspended in 4 ml of a 10

mM aqueous magnesium sulfate which had been cooled in ice. The mixture containing the recombinant Jlgtl 1 phages

obtained in Step 5 of Example 1 was diluted with a SM-buffer containing 0.1 M sodium chloride, 8 mM magnesium
sulfate, 50 mM Tris-HCI and 0.01 % gelatin. 0.1 ml of the obtained diluted phage solution and 0.1 ml of the above-

45 obtained cell suspension were mixed together and the mixture was incubated at 37 °C for 15 min to introduce the

recombinant phages into cells of Escherichia coli . Then, to the mixture, 3 ml of a soft agar medium (1 w/v trypton, 0.5

w/v% yeast extract, 0.5 w/v% sodium chloride, 0.25 w/v% magnesium sulfate, 0.7 w/v% agar, pH 7.0) heated at 45 °C
was added. The resultant mixture was overlaid on fifty L agar plates (1 w/v% trypton, 0.5 w/v% yeast extract, 1 w/v%
sodium chloride, 1.5 w/v% agar, 100 u.c/ml ampicillin, pH 7.0). The overlaid agar was solidified at room temperature

so and incubated at 42 °C for 3 hours. Thereafter, 10 mM IPTG (Isopropyl (J-D-thiogalactopyranoside) was infiltrated into

the resultant agar plate. The above-mentioned procedure was repeated times to thereby obtain 3,000 agar plates.

Then, a dried nitrocellulose filter was bonded to each of the plates and incubated at 37 °C for 3 hours. The resultant

filters were separated from the plates and washed three times with a TBS-buffer containing 10 mM Tris-HCI and 150

mM sodium chloride, pH 7.4 and immersed in a 2 w/v% bovine serum albumin solution, followed by incubation at room
ss temperature for 1 hour to block the unreacted portion on the surface of each of the filters.

On the other hand, 1/20 volume of an Escherichia coli fysing solution provided with a commercially available im-

munoscreening kit (manufactured and sold by Amersham International, England) was added to a pooled serum from

a convalescent patient having acute NANB hepatitis and the mixture was incubated at room temperature for 30 min.
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The resultant mixture was diluted with a TBS buffer containing 0.2 % of a bovine serum albumin. Thus, a solution

containing a primary antibody was obtained (Primary antibody solution A). Substantially the same procedure as men-
tioned above was repeated except that a serum from a patient having chronic NANB hepatitis was used as a serum,

to thereby obtain a solution containing another primary antibody (Primary antibody solution B).

s Each of the above-mentioned filters was immersed in Primary antibody solution A at room temperature for 1 hour.

Each of the resultant filters was washed four times with a TBST buffer containing 0.05 % of Tween 20 (surfactant).

Each of the washed filters was immersed in a secondary antibody solution which had been prepared by diluting a
peroxidase-tabeled human IgG antibody (manufactured and sold by Cappel Co., Ltd., West Germany) 1 ,000-fold with

a TBS buffer containing 0.2 w/w% gelatin. The resultant filter was allowed to stand at room temperature for 1 hour and
io well washed with a TBST buffer, followed by immersion in a mixture of 50 ml of a TBS buffer, 0.4 ml of DAB (3,3'-

diaminobenzidine tetrahydrochloride) and 15 u,t of a 30 % aqueous hydrogen peroxide at room temperature for 20 min

to allow color development. The resultant fitters were completely washed with distilled water and the color development

reaction was stopped. Substantially the same procedure as mentioned above was repeated except that Primary anti-

body solution B was used instead of Primary antibody solution A. Then, the color developed dots (positive dots) on
is the filters correspond to the plaques (positive plaques) of E. colt transfected with recombinant viruses containing the

NANBV cDNA. Therefore, the plaques corresponding to the color developed dots were selected.

Thus, 22 positive plaques were selected from about 2,000,000 plaques. The transformant clones corresponding

to these 22 positive plaques were isolated and subjected to the above-mentioned plaque hybridization procedure.

Thus, 5 positive clones were selected and isolated from the 22 positive clones. Each of the thus obtained positive

20 clones was designated N-1, N-2, N-3, N-4 and N-5, respectively. The clone N-1 and clone N-2 have been deposited

with the Fermentation Research Institute of the Agency of Industrial Science and Technology, Japan and assigned

Accession No. FERM BP-2416 and No. FERM BP-2431, respectively.

Further, the cDNA prepared in Step 2 of Example 1 was inserted into the Xgt1 1 in substantially the same manner
as in Step 5 of Example 1 , to thereby prepare another cDNA library. Using the cDNA library, the immunoscreening was

2S conducted in the same manner as mentioned above, to thereby obtain positive clones from about 2,500,000 plaques.

From the thus obtained positive clones, one clone was selected and designated N-1 8.

Clone N-18 has been deposited at the Fermentation Research Institute and assigned Accession No. FERM BP-
2418.

Then, the reactivity of the expression product of each clone with the serum shown in Table 2 below was examined
30 in the same manner as in Step 4 in Example 1 . The results are shown in Table 2. The expression products of these

clones were specifically reacted with one or both of a serum from a convalescent patient having acute NANB hepatitis

and a serum from a patient having chronic NANB hepatitis. However, all of the expression products of the obtained

clones were not reacted with a serum from a healthy human adult and with a serum from a patient having hepatitis B.

35 Table 2

clone No. serum from healthy

human adult

serum of hepatitis B
patient

convalescentserum of

acute NANB hepatitis

patient

serum of chronic NANB
hepatitis patient

N-1

N-2 +

N-3 + +

N-4 +

N-5 +

N-18 + +

Reactivity: means positive and means negative.

As apparent from Table 2, the expression products of clone N-3 and clone N-18 exhibited an antigen-antibody

reaction with both a serum from a convalescent patient having acute NANB hepatitis and a serum from a patient having

chronic NANB hepatitis. On the other hand, the expression product of clone N-1 exhibited an antigen-antibody reaction

only with a serum from a patient having acute NANB hepatitis, and the expression product of clone N-2, clone N-4 and

clone N-5 exhibited an antigen-antibody reaction only with a serum from a patient having chronic NANB hepatitis. This

suggests that the expression product of clone N-3 or N-1 8 can be used for diagnosing acute NANB hepatitis and chronic

NANB hepatitis, and that the expression product of clone N-1 can be used for diagnosing acute NANB hepatitis, and

the expression product of clone N-2, N-4 or N-5 can be used for diagnosing chronic NANB hepatitis.
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Step 7 (Expression of NANBV cDNA clone in a large amount)

The E. coli transformant strain N-1 obtained in Step 6 of Example 1 was cultured. From the culture, a phage DNA
was isolated and subjected to phenol extraction and ethanol precipitation to obtain a purified phage DNA. The thus

s purified phage DNA was digested with restriction enzyme EcoRI and subjected to low-melting point agarose gel elec-

trophoresis, and a portion of the agarose gel containing a band of the NANBV cDNA was cut off. To the cut-off agarose

gel was added 0.5 ml of a TEN buffer containing 10 mM Tris-HCI, 1 mM EDTA and 10 mM NaCI (pH 7.5), and the

mixture was heated at 65 °C, followed by phenol extraction and ethanol purification to thereby obtain an NANBV cDNA
fragment. The thus obtained NANBV cDNA fragment was inserted in a vector containing a promoter capable of exhib-

10 tting a high level of gene expression in cells of Escherichia coli . That is, a plasmid pSN516 DNA (Amemura, M., Shi-

nagawa, H., Makino, K., Otsuji, N. & Nakata, A., 1982, J. Bacterid. Vol. 152, pp. 692-701; and U.S. Patent No.

4,703,005) containing a gene coding for a phosphate-binding protein (phoS), derived from Escherichia coli was digested

with restriction enzyme Hpal. From the digests, a DNA fragment of 6.3 kb was isolated by electrophoresis in the same
manner as mentioned above. The obtained DNA fragment was dissolved in 100 uJ of a Bal31 buffer containing 1 2 mM

1$ calcium chloride, 12 mM magnesium chloride, 0.2 M sodium chloride, 20 mM Tris-HCI (pH 8.0) and 1 mM EDTA, and

heated at 30 °C for 3 min. To the resultant solution was added 0.5 unit of nuclease Bal31 (manufactured and sold by

Takara Shuzo Co., Ltd., Japan) and a reaction was conducted at 30 *C for 6 min. To the reaction mixture, 20mM EDTA
was added to terminate the reaction. The reaction mixture was subjected to phenol extraction and ethanol precipitation

to obtain a DNA fragment. Then, an EcoRI linker was added to both ends of the DNA fragment in the same manner
20 as described in Step 5 of Example 1 , and the resultant DNA fragment was ligated to the above-obtained NANBV cDNA

fragment. With the resultant recombinant plasmid, cells of Escherichia coli strain DH1 (Proc. Nat. Acad. Sci., U.S.A.,

60 . p. 160, 1968) were transformed. With respect to the thus obtained transformants, the transformants having a re-

combinant plasmid containing the NANBV cDNA were detected using a ^P-dCTP labeled probe prepared from the

NANBV cDNA by a nick translation kit (manufactured and sold by Amersham International, England). Thus, 32 trans-

25 formants were found to have a recombinant plasmid containing the NANBV cDNA. From each of the transformants,

the plasmid DNA was isolated by phenol extraction and ethanol precipitation in the manner as mentioned above. The
plasmid DNA was partially digested with restriction enzyme EcoRI, followed by phenol extraction and ethanol precip-

itation. The resultant DNA fragment was dissolved in a buffer containing 70 mM Tris-HCI (pH 7.5), 10 mM magnesium
chloride, 5 mM dithiothreitol and 200 u>M dNTP (a mixture of dATP, dCTP, dGTP and dTTP). To the solution was added

30 T4 DNA polymerase (manufactured and sold by Takara Shuzo Co., Ltd., Japan) and the mixture was heated at 37 °C

for 30 min. The resultant solution was subjected to phenol extraction and ethanol precipitation to obtain a DNA. Using

the thus obtained DNA and a universal terminator (manufactured and sold by Pharmacia Fine Chemicals AB, Sweden)

having a translation termination codon, a plasmid was prepared in substantially the same manner as described in Step

4 of Example 1. Then, with the thus obtained plasmid, the Escherichia coli strain DH1 was transformed to obtain a

& transformant clone. The above-mentioned procedure was conducted with respect to each of the 32 transformants

obtained above. Thus, 32 transformant clones were obtained. The colony of each of the clones was isolated and

cultured at 37 °C overnight in a Tris-HCI (pH 7.2) buffer medium containing 0.2 w/v% of glucose and 0.64mM potassium

dihydrogenphosphate, and the cultured cells were collected. The collected cells were suspended in an equivolume of

the same buffer medium as mentioned above except that the concentration of potassium primary phosphate was
*o changed to 0.064 mM, and the suspentkxi was incubated at 37 °C for 6 hours while shaking. From the resultant culture,

cells were collected and suspended in 50 mM phosphate buffer (pH 7.2) containing 0.15 M NaCI, and the suspended

cells were disrupted by means of glass beads to obtain a cell homogenate. Then, the amount of an NANBV antigen

peptide in the cell homogenate was determined by enzyme-linked immunosorbent assay (ELISA) using the serum from

a patient having NANB hepatitis, as follows. A serum from a patient having NANB hepatitis was mixed with Fround's

45 complete adjuvant. With the mixture, a rabbit was hyperimmunized. Then, a hyperimmune serum obtained from the

hyperimmunized rabbit was obtained and subjected toammonium sulfate precipitation, and the precipitate was obtained

as an IgG fraction. The obtained fraction was subjected to gel chromatography using Sephacryl S200 (manufactured

and sold by Pharmacia Fine Chemicals AB, Sweden) to obtain a purified anti-NANBV IgG. Then, the purified anti-

NANBV IgG was dissolved in a 50 mM carbonate buffer (pH 9.6). 100 uJ of the solution was put in the wells of a

50 DYNATECH MICROELISA plate (manufactured and sold by Greiner, Co., Ltd., West Germany) and allowed to stand

at 4 °C for 18 hours, to thereby immobilize the anti-NANBV IgG on the surface of each well. Each well was washed

three times with a phosphate buffer containing 0.05 w/w% Tween 20 (PBS-T). The assay of the NANBV antigen peptide

in a cell extract sample was conducted as follows. 5 ml of a sample was diluted with a PBS-T buffer so that the resultant

solution became 2-fold volume. The mixture was subjected to centrifugation at 1 00,000 x g at 4 °C for 4 hours to obtain

55 a precipitate. The thus obtained precipitate was dissolved in 0.2 ml of a PBS-T buffer containing 0. 1 w/w% of a Triton

X-100 and diluted with a PBS-T buffer by doubling dilution to 210-fold degree of dilution. 0.1 ml of each of the diluted

solutions was added individually to the antibody-immobilized well, followed by reaction at 37 °C for 1 hour. Each well

was washed with a PBS-T buffer three times.
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On the other hand, the anti-NANBV IgG obtained in the same manner as mentioned above was labeled with

horseraddish peroxydase (HRPO) according to the method described in Wilson, M.B. & Nakane, P.: "Immunofluores-

cence and related techniques (W.W. Knapp, H. Holubar & G. Wick, ed eds.), p. 21 5 Elsevier/North-Holland, Amsterdam,

1 978, to obtain an HRPO-labeled anti-NANBV IgG solution. The solution was diluted 1 0-fold with a PBS-T buffer con-

5 taining 10 v/v% fetal calf serum.

The diluted HRPO-labeled anti-NANBV IgG solution was added to each well, and incubated at 37 °C for 1 hour to

advance a reaction. The wells were washed with PBS-T three times. 0.1 ml of a 0.05 M citrate-phosphate buffer (pM

5.0) containing 0.5 mg/ml of o-phenylenediamine as a coloring agent and 2 uJ/ml of peroxide as a substrate was added

to each well, and incubated for 40 min out of the light. 0.1 ml of 4 N sulfate was added to each well to terminate the

10 reaction. The ELISA titer of the reaction mixture in each well was determined by measuring the optical density at 490

nm (OD49o). Based on the amount of an NANBV antigen peptide in terms of an ELISA titer, five clones OA- 18, OA-

101 , OA- 11 8, OA-190 and OA-270 which exhibited high ELISA titer were obtained. Of these, clone OA-101 and OA-

118 exhibiting higher ELISA titer were selected. The results are shown in Table 3(a).

Substantially the same procedure as mentioned above was conducted except that clone N-18 was used instead

75 of clone N-1 . Thus, five clones OC-11 , OC-25, OC-27, OE-8 and OB-1 3 which exhibited high ELISA titer were obtained.

Of these, clone OE-8 exhibiting higher ELISA titer was selected. The results are shown in Table 3(b).

The results show that the selected clones OA-101, OA-118 and OE-8 produced an NANBV antigen peptide in a

large amount.

20 Table 3(a)

Clone Degree of dilution of cell extract EUSA titer OD490
OA- 18 1:80 0.074

OA-101 1:80 1.416

OA-118 1:80 0.770

OA-190 1:80 0.125

OB-270 1:60 0.068

Escherichia coli (normal) 1:60 0.009

30

Table 3(b)

Clone Degree of dilution of cell extract EUSA titer OD490
OC-11 1:80 0.080

OC-25 1:80 0.014

OC-27 1:80 1.397

OE-8 1:80 1.890

OB-1

3

1:80 0.096

40
Step 8 (Purification of the NANBV antigen)

The Escherichia coli clone OA-101 prepared in Step 7 of Example 1 was cultured, and the cell extract containing

the NANBV antigen peptide was obtained from the culture. The cell extract was subjected to sucrose density gradient

centrifugation at 30,000 rpm for 18 hours using a sucrose gradient of 10 to 50 w/w% and a centrifuge (Model RPZ-

35T, zonal rotor, manufactured and sold by Hitachi Koki Co., Ltd., Japan) to obtain an NANBV antigen peptide fraction.

This fraction was dialyzed against a 50 mM phosphate buffer (pH 7.2) containing 0.1 5 M NaCI for 24 hours to remove

the sucrose. The resultant diatysate was dialyzed against 1/200 M phosphate buffer (pH 7.2). Then, to the diatysate

was added 40 ml of a 1/200 M phosphate buffer containing 40 w/w% of potassium bromide, followed by equilibrium

density gradient centrifugation at 45,000 rpm for 48 hours using a centrifuge (manufactured and sold by Hitachi Koki

Co., Ltd., Japan, rotor No. RP-50T-2) to obtain an NANBV antigen peptide fraction. The obtained fraction was dialyzed

against a 5 mM phosphate buffer (pH 7.2) for 24 hours to remove the potassium bromide. The diatysate was subjected

to potassium bromide equilibrium density gradient centrifugation and dialysis in the same manner as mentioned above.

Thus, a diatysate containing an NANBV antigen peptide was obtained. Then, 2 ml of the diatysate was subjected to

gel filtration chromatography using Sephacryl S200 (manufactured and sold by Pharmacia Fine Chemicals AB, Swe-

den) column equilibrated with physiological saline. A fraction containing NANBV antigen peptide was pooled. Thus,

there was obtained a solution containing a purified NANBV antigen peptide derived from clone OA-101 (Lot A-001a).

Substantially the same procedure as mentioned above was conducted except that clone OE-8 was used instead
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of clone OA-101, to thereby obtain a solution containing a purified NANBV antigen peptide derived from clone OE-8
(Lot E-001a).

Step 9 (Reactivity of the NANBV antigen peptide produced by clone N-18 with a panel serum)
5

The reactivity of the antigen peptide produced by clone N-18 with a panel serum was determined according to the

immoscreening method described in Step 6 of Example 1 using panel serum A and panel serum B. Panel serum A
comprised eight sera from convalescent patients having NANB hepatitis, thirteen sera from patients having chronic

NANB hepatitis, five sera from patients having chronic hepatitis B and five sera from healthy humans diagnosed as
'0 negative to hepatitis. Panel serum B comprised five sera from patients having chronic NANB hepatitis, one serum from

a patient having acute NANB hepatitis, two sera from patients having alcoholic chronic hepatitis and five sera from

healthy humans diagnosed as negative to hepatitis. The results are shown in Table 4 and Table 5. In Tables 4 and 5,

the positive ratio (ratio of the number of the sera reacted with the NANBV antigen peptide produced by clone N-18 to

the number of the sera examined) with respect to each serum group is shown.
is The results show that the NANBV antigen peptide did not react with sera from healthy humans and with sera from

patients having chronic hepatitis B, but specifically reacted with sera from patients having chronic NANB hepatitis with

high reactivity. That is, the positive ratio was 1 2/13 to 5/5 (92.3 % to 100 %) as shown in Table 4 and Table 5.

However, the reactivity of the NANBV antigen peptide with sera from convalescent patients having NANB hepatitis

was relatively low, that is, the positive ratio was 4/8 (50 %) as shown in Table 4. Further, the NANBV antigen peptide

20 did not react with a serum from a patient having acute NANB hepatitis as shown in Table 5. These results suggest that

in the serum from a convalescent patient from chronic NANB hepatitis and the serum from a patient having acute NANB
hepatitis, the antibody against the NANBV antigen had not yet been produced in an amount sufficient to be detected

by the NANBV antigen peptide.

25 Table 4

Panel serum A Positive ratio (%)

Sera from convalescent patients having NANB hepatitis 4/8 (50)

Sera from patients having chronic NANB hepatitis 12/13 (92.3)

Sera from patients having chronic hepatitis B 0/5 (0)

Sera from healthy humans 0/5 (0)

& Table 5

Panel serum B Positive ratio (%)

Sera from patients having chronic NANB hepatitis 5/5 (100)

Serum from a patient having acute NANB hepatitis 0/1 (0)

Sera from patients having alcoholic chronic hepatitis 0/2 (0)

Sera from a healthy humans 0/5 (0)

Step 10 (Determination of the nucleotide sequences of the NANBV cDNA's contained in clone N-1 , clone N-2 and
45

clone N-18)

Escherichia coli strain N-1 obtained in Step 6 of Example 1 was cultured and the recombinant phage DNA was
isolated from the cultured cells of the strain N-1 in the same manner as in Step 7 of Example 1 . The recombinant phage

DNA was digested with restriction enzyme EcoRI, and an NANBV cONA fragment was isolated in the same manner

as described in Step 7 of Example 1 . The obtained fragment was inserted in the vector plasmid pUC1 9 (manufactured

and sold by Takara Shuzo Co., Ltd., Japan) compatible with Escherichia coli . That is, 1 u.g of vector plasmid pUCl9
was dissolved in 30 uJ of a buffer solution containing 100 mM Tris-HCI (pH 7.5), 7 mM MgC^ and 100 mM NaCI. To

the resultant solution was added 1 uJ of EcoRI (manufactured and sold by Takara Shuzo Co., Ltd., Japan). The mixture

was incubated at 37 °C for 60 min. Then, to the resultant reaction mixture were added 10 uJ of an alkaline phosphatase
55

buffer containing 100 mM Tris-HCI (pH 8.0), 1 M KCI and 10 mM MgS04, 59 uJ of distilled water and 1 uJ of alkaline

phosphatase (manufactured and sold by Takara Shuzo Co., Ltd., Japan), and the mixture was incubated at 60 °C for

2 hours to advance a reaction. The reaction mixture was subjected to phenol extraction twice and the obtained aqueous

20
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layers were pooled. To the aqueous layer were added 1/10 volume of 3 M acetate buffer (pH 4.8) and 2-fold volume
of ethanol and the resultant mixture was cooled to -20 °C to precipitate a DNA, followed by centrifugation at 12,000
rpm for 5 min to separate the DNA precipitate. The precipitate was dried to obtain a vector plasmid DNA. The phosphate
residue at the 5'-end portion of the vector plasmid DNA had been removed by the above-mentioned treatment with

5 alkaline phosphatase. Then, 0.1 u.g of the vector plasmid DNA and 0.1 u.g of the above-obtained NANBVcDNA fragment

were dissolved in a buffer solution containing 66 mM Tris-HCI (pH 7.6), 66 mM MgClg, 10 mM dithiothreitol and 0.1

mM adenosine S'-triphosphate. To the resultant solution was added 1 uJ of a ligase (manufactured and sold by Takara

Shuzo Co., Ltd., Japan). The mixture was incubated at 16 BC for 3 hours, followed by phenol extraction and ethanol

precipitation to collect a DNA. Then, with the collected DNA. Escherichia coli strain JM109 (manufactured and sold by
10 Takara Shuzo Co., Ltd., Japan) was transformed by the calcium-rubidium method mentioned hereinbefore, followed

by culturing. Thus, a transformant clone having a recombinant plasmid containing the NANBVcDNA inserted therein

was obtained. The recombinant plasmid was isolated from the above-obtained transformant clone and digested with

restriction enzyme EcoRI. The resultant digests were subjected to determination of the nucleotide sequence using

7-DEAZA sequencing kit (manufactured and sold by Takara Shuzo Co., Ltd., Japan) according to the method described
is in Mizusawa, S., Nishimura, S. and Seela, R, Nucleic Acids Res., 14, 1319-1324, (1986).

Substantially the same procedure as mentioned above was conducted except that each of clone N-2 and clone

N-18 was individually used instead of clone N-1

.

As a result, it was found that the transformant clone N-1 contained the NANBVcDNA havinga nucleotide sequence
shown in Fig. 2(a); the transformant clone N-2 contained the NANBV cDNA's having nucleotide sequences shown in

20 Figs. 2(e) and 2(f); and the transformant clone N-1 8 contained the NANBVcDNA's having nucleotide sequences shown
in Figs. 2(a), 2(b), 2(c) and 2(d).

Example 2

6 (Extraction of a messenger RNA derived from a liver tissue for preparing a cDNA)

1 g of a liver tissue obtained from a patient having NANB hepatitis by hepatectomy was cut into small pieces. 10

ml of a solution containing 4 M guanidine thiocyanate as used in Step 1 of Example 1 was added to the liver tissue

pieces and the liver tissue pieces were homogenated. Then, an RNA was extracted from the homogenate and purified

30 in substantially the same manner as in Step 1 of Example 1, to obtain a solution containing an RNA. Then, from the

solution, an RNA derived from the liver tissue was isolated using the oligo (dT) column (0 5 mi).

The thus obtained RNA obtained can be used instead of the RNA obtained in Step 1 of Example 1, for producing

an NANBV cDNA according to substantially the same method as described in Steps 2 to 8 of Example 1

.

3S Example 3

Step 1 (Preparation of a diagnostic agent for use in the enzyme-labeled immunosorbent assay (EUSA))

Using the NANBV antigen peptide Lot A-001a prepared in Step 8 of Example 1, an anti-NANBV antigen peptide

*0 IgG was prepared (Lot A-1 ) and labeled with HRPO in substantially the same manner as described in Step 7 of Example

1 , to thereby obtain an HRPO-labeled anti-NANBV antigen peptide IgG A-1 as a diagnostic agent.

Substantially the same procedure as mentioned above was conducted except that the NANBV antigen peptide

Lot E-001a was used instead of the NANBV antigen peptide Lot A-001a, to prepare another anti-NANBV antigen

peptide IgG (Lot E-3) and label the IgG with HRPO. Thus, an HRPO-labeled anti-NANBV antigen peptide IgG E-3 was
45 obtained as a diagnostic agent.

Using the above-obtained HRPO-labeled IgG's A-1 and E-3, the amount of the NANBV antigen in each of serum
samples A, B and C from patients having NANB hepatitis and a serum from a healthy human was determined by ELISA
in the same manner as in Step 7 of Example 1. The results are shown in Table 6.

so Table 6

Serum sample NANB antigen in serum (ELISA titer, OD490)

fixed antibody: A-1 E-3

A 0.171 0.250

B 0.302 0.390

C 0.205 0.310
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Table 6 (continued)

Serum sample NANB antigen in serum (ELISA titer, OD490)

fixed antibody: A-1 E-3

Serum from healthy human 0.023 0.018

Step 2 (Preparation of a diagnostic agent for use in a passive hemagglutination (PHA) method or a reverse passive

hemagglutination (rPHA) method)

10

Blood of a sheep was collected and filtered through a cotton cloth. Then, hemocytes remaining on the cotton cloth

unfiltered were washed five times with 1 3 mM phosphate buffer containing 0.1 5 M NaCI (PBS). 0.4 ml of the resultant

hemocytes was suspended in 10 ml of PBS. Then, the NANBV antigen peptide was adsorbed and fixed on the hemo-

cytes in the above-obtained suspension according to the method of Avramea et al, Immunochemistry, 6, p.67, 1 969.

is That is, to the above obtained suspension containing the fixed hemocytes was added 1 ml of a solution containing the

purified NANBV antigen peptide (Lot A*001a) obtained in Example 1 at a concentration of 25 mg/ml and stirred. Then,

3 ml of a PBS containing 2.5 w/w% of glutaraldehyde was dropwise added to the suspension and stirred at room

temperature for 1 hour. Then, the cells in the resultant mixture were collected by centrifugation and washed with the

PBS five times. The washed cells were suspended in 1 ml of a 1.0 M glycine buffer (pH 7.2) and the suspension was
20 allowed to stand for 1 hour. From the resultant suspension, cells were collected by centrifugation and washed with the

PBS five times. The celts were suspended in a PBS containing 1 v/v% of a normal sheep serum at a cell concentration

of 1 w/w%. Using the suspension, the reactivity of the NANBV antigen peptide with serum samples D to H from NANB
hepatitis patients and with a serum from a healthy human adult diagnosed as negative to hepatitis was determined by

the PHA method. Substantially the same procedure as mentioned above was conducted except that a solution con-

2$ taining the NANBV antigen peptide (Lot E-001a) was used. The results are shown in Table 7.

Substantially the same procedure as mentioned above was conducted except that each of the anti-NANBV antigen

peptide IgG's Lot A-1 and Lot E-3 obtained in Step 1 of Example 3 was individually used instead of the NANBV antigen

peptide, to thereby obtain a suspension containing the antibody. Using the suspension, the reactivity of the anti-NANBV
antigen peptide IgG with each of serum samples A to C from NANB hepatitis patients and with a serum from a healthy

30 human adult diagnosed as negative to hepatitis was determined by the rPHA method. The resu Its are shown in Table 8.

Table 7

05

40

45

50

Serum sample anti-NANBV antibody in serum (PHA value, 2°)

fixed antigen: Lot A-001a Lot EOOta

D n=6 n=7

E 8 8

F 5 5

G 11 >11

H 6 8

serum from healthy human <1 <1

Tables

55

Serum sample NANBV antigen in serum (rPHA value, 2")

fixed antibody: A-1 E-3

A 4 5

B 6 5

C 6 7

serum from healthy human <1 <1
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Step 3 (Preparation of a diagnostic agent for use in the radioimmunoassay (R!A))

(1 ) Detection of an antibody against the NANBV in serum

The purified anti-NANBV IgG A-1 prepared in Step 1 of Example 3 was labeled with 12S
I by the chloramine T

method (Greenwood et al, Biochemical Journal, 80, p.114 ( 1963). Illustratively stated, 4 ml of the purified IgG (5 mg/
ml) was cooled in ice water, and 1 mCi/10 u,l of 125

l was added to the IgG while gently stirring. Then, 1 ml of a 200 \ig/

ml aqueous chloramine T was dropwise added to the mixture and stirred for 5 min to advance a reaction. 1 ml of a 200
ug/ml aqueous sodium methabisulfite was added to the resultant mixture to terminate the reaction. The resultant mixture
was dialyzed to remove the unreacted 125

l, to thereby obtain ^-labeled anti-NANBV antigen peptide IgG A-1

.

On the other hand, an NANB antigen peptide-fixed beads was prepared as follows. To the NANB antigen peptide
Lot A-OOIa obtained in Step 8 of Example 1 was added polystylene beads treated with glutaraldehyde. The mixture
was allowed to stand overnight at 4 °C to fix the antigen peptide on the surface of the beads. For preventing a non-
specific reaction of the antigen peptide-fixed beads with substances other than an antibody against the NANBV, bovine
serum alubumin was added to the antigen peptide-frxed beads, and the mixture was allowed to stand at 4 °C overnight.
Thus, the NANBV antigen peptide(Lot A-001a)-fixed beads were obtained as a diagnostic agent.

Using the above obtained 125Mabeled anti-NANBV antigen peptide IgG A-1 and the NANBV antigen peptide(Lot
A-001a)-fixed beads, an antibody against the NANB antigen peptide in each of serum samples D to F from patients
having NANB hepatitis, a serum from a healthy person and a serum from a rabbit hyperimmunized with the NANBV
antigen peptide was detected by RIA. That is, 0.1 ml of the 12Sl-labeled antibody was put in each of the wells of a
reaction tray for the RIA and, further, 0.1 ml of a serum sample was added to each well. Then, the antigen peptide-
fixed beads were added to each well and allowed to stand overnight at room temperature to advance a reaction. The
resultant beads were sufficiently washed with distilled water. The radioactivity (cpm) of the beads in each well was
measured using an auto-gamma-counter. Then, from the radioactivity, an inhibition (%) of the reaction between the 12SI-

labeled anti-NANBV antigen peptide IgG and the NANBV antigen peptide-fixed beads was calculated by the following
formula, assuming the inhibitions by a serum from a healthy human and a serum from a rabbit hyperimmunized with
the NANBV antigen peptide as being 0 % and 100 %, respectively:

(
a ' b>~ c

x100(%),
a - o

wherein a is the radioactivity (cpm) obtained with respect to a serum from a healthy human, b is the radioactivity

(cpm) obtained with respect to a serum from a rabbit hyperimmunized with the NANBV antigen peptide, and c is the
radioactivity (cpm) obtained with respect to a serum sample from an NANB hepatitis patient. The results are shown in

Table 9.

Substantially the same procedure as mentioned above was conducted except that the anti-NANBV antigen peptide
IgG Lot E-3 was used instead of the IgG Lot A-1 , to obtain another 1 ^-labeled anti-NANBV antigen peptide IgG E-3.
Further, substantially the same procedure as mentioned above was conducted except that the NANBV antigen peptide
Lot E-001a was used instead of the antigen peptide Lot A-001a, to obtain another NANBVantigen peptide(Lot E-001a)-
fixed beads as a diagnostic agent. Using the 12Sl-labeled anti-NANBV antigen peptide E-3 the antigen peptide(Lot E-
001a)-fixed beads, the assay of the serum samples was conducted in the same manner as mentioned above. The
results are also shown in Table 9.

When the serum sample contained an antibody against the NANBV as Samples D to F, the reaction between the
NANBV antigen peptide-fixed beads and the 12Sl-labeled anti-NANBV antigen peptide IgG was inhibited by the reaction
between the antigen peptide-fixed beads and the anti-NANBV antibody present in the serum. Therefore, the radioac-
tivity of the beads ascribed to the labeled antibody bonded to the beads was relatively low, and the inhibition between
the labeled anti-NANBV antigen peptide and the antigen peptide-fixed beads was as high as 74 to 100 %.

Table 9

Serum sample Fixed antigen

Lot A-001a Lot E-001a

cpm, inhibition (%) cpm, inhibition (%)

F 1433(89) 1004(93)

G 155 (99) 162(100)

H 3387 (74) 3260 (77)
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10

Table 9 (continued)

Serum sample Fixed antigen

Lot A-001a Lot E-001a

cpm, inhibition (%) cpm, inhibition (%)

Healthy human serum 1 3025 (0) 1 3630 (0)

Hyperimmunized rabbit serum 145(100) 160(100)

(2) Detection of an NANBV antigen in serum

75

20

An anti-NANBV antigen peptide IgG-fixed beads were prepared in substantially the same manner as mentioned

above except that the anti-NANBV antigen peptide IgG Lot A-1 was used instead of the NANBV antigen peptide Lot

A-001a.

Using the above-obtained 125l-labeled anti-NANBV antigen peptide IgG A-1 and the anti-NANBV antigen peptide

lgG(Lot A-1)-fixed beads, an NANBV antigen present in each of serum samples A to C from patients having NANB
hepatitis and a serum from a healthy human was detected in substantially the same manner as mentioned above. The

results are shown in Table 10.

Further, the detection of an NANBV antigen in the serum samples was also conducted using another 125
l -labeled

anti-NANBV antigen peptide IgG E-3 obtained above, and another anti-NANBV antigen peptide IgG(Lot E-3)-fixed

beads prepared from the anti-NANBV antigen peptide IgG Lot E-3 in the same manner as mentioned above. The results

are also shown in Table 10.

25

30

35

Table 10

Serum sample Fixed antibody

Lot A-1 Lot E-3

cpm cpm

A 790 1253

B 3507 5620

C 1194 2004

Serum from healthy human 188 195

The results show that the serum samples from patients having NANB hepatitis were specifically detected by the

use of the 125
l -labeled anti-NANBV antigen peptide IgG and the anti-NANBV antigen peptide-fixed beads.

40 Example 4

(Detection of NANBV RNA by a dot hybridyzation method and a Northern blotting method)

The recombinant phage was isolated from transformant clone N-1 obtained in Step 6 of Example 1 and digested

45 with restriction enzyme EcoRI to obtain a cDNA fragment containing the NANBV cDNA. On the other hand, plasmid

pUC19 (manufactured and sold by Takara Shuzo Co., Ltd., Japan) was cleaved by restriction enzyme EcoRI and

treated with alkaline phosphatase. 0.1 u-9 of the above-obtained cDNA fragment, 0.1 ug of the cleaved vector DNA
fragment and 5 ul of a 1 0 x ligase reaction solution containing 1 . 1 mM ATP, 60 mM Tris-HCI (pH 7.6), 66 mM magnesium

chloride and 1 00 mM dithiothreitol, and 0.2 unit of T4 DNA ligase were mixed together, and the volume of the mixture

so was adjusted to 50 uJ by the addition of distilled water. The resultant mixture was incubated at 4 °C for 16 hours,

followed by phenol extraction and ethanol precipitation. The thus obtained precipitate was dissolved in 10 uJ of a TE

buffer, and with the resultant mixture, cells of Escherichia coli strain JM109 (manufactured and sold by Takara Shuzo

Co., Ltd., Japan) were transformed according to the calcium-rubidium method mentioned hereinbefore. A transformant

clone having the NANBVcDNA was selected and isolated using an agar medium plate containing 50 \xgfm\ of ampicillin.

55 A 32P-labeled cDNA for the hybridyzation was prepared as follows. The plasmid DNA was isolated from the above-

obtained transformant clone and digested with EcoRI. From the plasmid DNA, the NANBV cDNA was isolated and

purified by electrophoresis using a low-melting point agarose get in the same manner as described in Step 7 of Example

1. Using [cc-^PJdCTP (3000 Ci/mmol) and an Amersham nick translation kit (manufactured and sold by Amersham

24



EP 0 363 025 B1

International, England), a 32P-labeled NANBVcDNA was prepared. In order to examine the reactivity of the 32P-labeled

cONA with a serum from a patient having NANB hepatitis, a dot hybridyzation was conducted using five serum samples

from patients having NANB hepatitis, two serum samples from patients having hepatitis B and one serum sample from

a healthy human as test specimens and the labeled NANBV cDNA as a probe according to the method described in

s Step 4 of Example 1 . The results are shown in Fig. 1 . In Fie. 1 , specimens 1 to 5 are sera from patients having NANB
hepatitis, specimens 6 and 7 are sera from patients having hepatitis B and specimen 8 is a serum from a healthy human
who is diagnosed as negative to hepatitis. As shown in Fig. 1, the labeled NANBV cDNA was specifically hybridized

with the sera from patients having NANB hepatitis, but not hybridized with the sera from patients having hepatitis B
and with the serum from a healthy human.

10 On the other hand, the detection of the NANBV RNA was conducted according ta Northern blotting method as

follows. That is, an RNA was prepared from each serum specimen in the same manner as in Step 4 of Example 1 and
subjected to 6 % formaldehyde-agarose gel electrophoresis. The RNA was isolated from the gel, dissolved in 10 x

SSC (1.5 M NaCI and 0.15 M sodium citrate) and blotted on a nitrocellulose membrane using an apparatus for trans-

blotting (manufactured and sold by Bio-Rad Laboratories, U.S.A.). The nitrocellulose membrane was subjected to

is baking at 80 °C for 2 hours and the resultant membrane was immersed in a prehybridyzation solution (50 % formal-

dehyde, 5 x SSC (0.75 M NaCI and 0.075 M sodium citrate), 5 x Denhart, 50 mM phosphate-citrate buffer (pH 6.5), 1

% glycine, 100 u.g/ml salmon sperm DNA), and incubated at 42 °C for 4 hours. Then, the membrane was taken out of

the prehybridyzation solution. The single-stranded DNA obtained by heating the above-obtained ^P-labeted cDNA
probe was added to the membrane, followed by incubation at 42 °C for 22 hours to conduct the hybridization. After

20 completion the hybridyzation, the resultant nitrocellulose membrane was washed three times with 2 x SSC (0.3 M NaCI
and 0.03 M sodium citrate) containing 0.1 % sodium dodecyl sulfate (SDS) and 0. 1 % pyrophosphoric acid and further

washed three times with 0.1 x SSC (0.15 M NaCI and 0.015 M sodium citrate) containing 0.1 % SOS and 0.1 %
pyrophosphoric acid at 50 °C. After drying the resultant membrane, autoradiography was conducted to detect the

NANBV RNA. The results were substantially the same as those obtained by the above-mentioned dot hybridization.

25

Application Example 1

(Preparation of a purified NANB hepatitis vaccine)

30 To the solution containing the purified NANBV antigen peptide Lot A-001 a, which was obtained in Step 8 of Example

1 , was added a 0.02 % formalin and allowed to stand at 4 °C for 5 days. Then, the resultant formalin-treated NANBV
antigen peptide solution was diluted with physiological saline so that the NANBV antigen peptide concentration became
40 u.g/ml. The resultant solution was mixed with a physiological saline containing 0.4 mg/ml of an aluminium hydroxide

at a volume ratio of 1 : 1 . The mixture was stirred for 30 min, followed by centrifugation at 3,000 rpm for 20 min to obtain

35 a precipitate. The obtained precipitate was suspended in a 1 3 mM phosphate buffer (pH 7.2) containing 0.1 5 M NaCI
to prepare an aluminum-adsorbed NANB hepatitis vaccine.

Substantially the same procedure as mentioned above was conducted except that the NANBV antigen peptide

Lot E-001a was used instead of the antigen peptide Lot A-001 a, to thereby obtain an aluminum-adsorbed NANB hep-

atitis vaccine.

*o An assay for the immunogenicity of the obtained vaccine was conducted according to the standards for preparing

an adsorbed vaccine for recombinant hepatitis B vaccine (derived from yeast) described in "Minimum Requirements

for Biological Products" mentioned hereinbefore. That is, 1 ml of the above-mentioned vaccine was subcutaneously

inoculated to each of mice of 5 weeks old at their backs. 5 weeks after the inoculation, blood samples were collected

from the mice, and subjected to passive hemagglutination test to determine the antibody titer in the blood samples.

45 The results are shown in Table 11

.

Table 11

so

55

Antigen Lot No. Dilution of vaccine Average antibody titer (2
n
)

1:2 n=9.8

1:4 8.9

A-001 a 1:8 5.6

1:16 4.4

1:2 >10

1:4 9.7

E-001a 1:8 8.5
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Table 11 (continued)

Antigen Lot No. Dilution of vaccine Average antibody titer (2
n
)

1:16 6.9

Physiological saline < 1.0

Application Example 2

(Preparation of a monoclonal antibody specific for the NANBV antigen peptide and detection of the NANBV antigen

using the monoclonal antibody)

20 vug of the purified NANBV antigen peptide Lot E-001 a obtained in Step 8 of Example 1 and 20 u.g of the Freund's

complete adjuvant were mixed together The mixture was inoculated intraperitonealfy to a BALB/c mouse (8-week old)

to immunize the mouse. After 3 weeks and 5 weeks, the second immunization and the third immunization were re-

spectively conducted in the same manner as mentioned above. Three days after the third immunization, the spleen of

the mouse was excised. The spleen was cut into four masses and pressed by means of a pincer. Then, the masses

were filtered through a stainless steel-made sieve (200 mesh Tyler) to obtain spleen cells. The cells were washed and

suspended in an NS-1 medium (an RPM1 1640 medium (manufactured and sold by Gibco Co., U.S.A.) containing 15

v/v% fetal calf serum) at a cell concentration of 6 x 107 celts/ml. 1 ml of the resultant spleen cell suspension and 2 x

107 cells of myeloma cell line SP-2/0-Ag 14 (ATCC CRL1581 ) were mixed together and the mixture was subjected to

cell fusion in the presence of polyethylene glycol (PEG 6000) according to the method described in "Monoclonal An-

tibody* by Tatsuo Iwasaki et al, p. 30 (1982), published by Kodansha Scientific, Japan, to thereby obtain three hybridoma

clones capable of producing a monoclonal antibody specific for the NANBV antigen peptide. The obtained clones were

designated 2-1 B-3, 36-7H-5, 38-1 C- 14, respectively. Each of the clones were individually cultured to produce mono-

clonal antibodies specific for the NANBV antigen peptide.

Whether or not the NANBV antigen in the liver of an NANBV hepatitis patient can be specifically detected using

each of the monoclonal antibodies was examined as follows. A liver tissue obtained by hepatectomy from each of two

patients having NANB hepatitis and one patient having hepatitis B was frozen and a tissue slice specimen was prepared

from each frozen liver tissue. The specimen was fixed with acetone and reacted separately with the above-obtained

monoclonal antibodies at 37 °C for 1 hour according to the method described in "Introduction of Experimental Virology",

edited by Gakuyukai of National Institute of Health, Japan, p. 297 (1975), published by Maruzen K.K., Japan. The

resultant specimen was sufficiently washed with PBS (0.005 M phosphate buffer (pH 7.0) containing 0.1 M NaCI).

Further, the specimen was reacted with a fluorochrome FITC-labeled anti-mouse IgG (manufactured and sold by Cappel

Co., U.S.A.) at 37 °C for 1 hour. The resultant specimen was sufficiently washed with PBS, and observed through a

fluorescent microscope to determine whether or not the specimen emitted fluorescence. The specimen which emitted

fluorescence was defined as being positive to the NANBV antigen. The results are shown in Table 12.

Table 12

Specimen Clone No. which produced a monoclonal antibody used

2-1 B-3 36-7H-5 38-1 C-1

4

Liver tissue obtained from a patient (No. 1 ) having NANB + + +

hepatitis

Liver tissue obtained from a patient (No. 2) having NANB + + +

hepatitis

Liver tissue obtained from a patient having hepatitis B

Note:

(+) means positive to fluorescence

(•) means negative to fluorescence

As apparent from Table 10, when the monoclonal antibody specific for the NANBV antigen peptide was used for

detecting the NANBV antigen in the liver tissue specimen of a patient, the diagnosis of the NANB hepatitis could be

conducted with high reliability.
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1
.

A substantially pure non-A, non-B hepatitis virus antigen peptide which is reactive to a non-A, non-B hepatitis virus

antibody, which peptide is an amino acid sequence, or consists of part or parts of said amino acid sequence, which
is encoded by at least one nucleotide sequence selected from the group consisting of formulae (I) to (VI)

:

GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAA

AAGAGACACAGGAAAAAAAAAACAGAGA

•••(i);

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAA^^

AGAAGCACCAATCGGAGGCGAAGCAAAAACGAAAAAAAAAAAAAAAA

•-•(ii);

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGG^^

AAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAACC

AAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGGGAGGGAAGGAAGGACG^

ATTAGAAAAAGGAGGGAATTC - .
.

( III)

;

GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGTTAGCCCGC

AAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTTAAT^

AAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTAAGAC^

GAATGATCATTAAAAACATTATTGATAGGTACTTAGAAGGGCAAGAGAGGAAGAAGAAAG

TAATGAGAAATGCTTATGGAAGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC

•••(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGATGGCCGTG

GAATTC. -
.
(V);

GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGCTTGGGCGC

CCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGGTTGGCGCGGCGTACGT

GTCCGGGAATTC . . . ( VI )

;
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wherein the left and right ends of each nucleotide sequence represent the SMerminus and 3Merminus, respectively;

and nucleotide sequences individually obtained by substituting at least one nucleotide of each of said nucleotide

sequences of formulae (I) to (VI) in accordance with the degeneracy of the genetic code x.

A mixed antigen peptide comprising at least two different non-A, non-B antigen peptides as claimed in claim 1

.

A deoxyribonucleic acid coding for a substantially pure non-A, non-B hepatitis virus antigen peptide as claimed in

claim 1 , which deoxyribonucleic acid is at least one nucleotide sequence, or consists of part or parts of said se-

quence selected from the group consisting of formulae (I) to (VI):

GAATTCCJUNAAAGAGCAA^

AAGAGACACAGGAAAAAAAA^

•
. • ( i )

;

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAAGACAACAGAGAAAGACGAAA

AGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAAAAAGGAATTC

...(H);

GAATTCCAAGAAAAAAAGGGAGAAGCGAGCAATGGAGAAGCCGAAAACGACACACACAAG

AAACAAAGGAGGTACAJL^AAAAAGAAAAAACGGCAACA CAGGAAAGAACAAA

AAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGGGAGGGAAGGAAGGACGCATATCAG

ATTAGAAAAAGGAGGGAATTC . . . ( III ) ;

gaattcctaagaaatggctagccctaggagaggcagtctttccccagtcagttagcccgc

aaatgccagagcatcaagaattcagaaaaggagaaaatatagttaatatcaaagtgg

aagcctaagatagagaggtagagagtatgaagagtaagacgaatacaaac

gaatgatcattaaaaacattattgataggtactt^

taatgagaaatgcttatggaagccaaaggacctttccaggagaagaaagggaattc

...(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGATGGCCGTG

GAATTC . . . ( V ) ;
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GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGCTTGGGCGC

CCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGGTTGGCGCGGCGTACGT
5

GTCCGGGAATTC . . . { VI ) ;

4. A method of diagnosing non-A, non-6 hepatitis, which comprises:

10

contacting serum from a patient with a non-A, non-B hepatitis virus antigen peptide which is substantially pure

and exhibits an antigen-antibody reaction with at least one member selected from the group consisting of

serum from a convalescent patient having acute non-A, non-B hepatitis and serum from a patient having

chronic non-A, non-B hepatitis, and which does not exhibit an antigen-antibody reaction either with serum

is from a human clinically diagnosed as negative to hepatitis or with serum from a patient having hepatitis diag-

nosed as other than non-A, non-B hepatitis;

determining whether said serum reacts with said non-A, non-B hepatitis virus antigen peptide; and

classifying said serum as positive or negative to non-A, non-B hepatitis based on said reactivity,

wherein said non-A, non-B hepatitis virus antigen peptide is a substantially pure non-A, non-B hepatitis virus

20 antigen peptide as claimed in claim 1

.

5. A method for screening blood for transfusion, which comprises:

a) isolating serum from whole blood;

2S b) contacting said serum with at least one non-A, non-B hepatitis virus antigen peptide which is substantially

pure and exhibits an antigen-antibody reaction with at least one member selected from the group consisting

of serum from a convalescent patient having acute non-A, non-B hepatitis and serum from a patient having

chronic non-A, non-B hepatitis, and does not exhibit antigen-antibody reaction either with serum from a human

clinically diagnosed as negative to hepatitis or with serum from a patient having hepatitis diagnosed as other

30 than non-A, non-B hepatitis;

c) determining whether said serum reacts with said non-A, non-B hepatitis virus antigen peptide;

d) classifying said serum as positive or negative to non-A, non-B hepatitis based on said reactivity; and

e) effecting separation of the blood in accordance with said identification,

35 wherein said non-A, non-B hepatitis virus antigen peptide is a substantially pure non-A, non-B hepatitis virus

antigen peptide as claimed in claim 1

.

6. Escherichia coli strain N-1 carrying a DNA coding for a non-A, non-B hepatitis virus antigen peptide, deposited at

Fermentation Research Institute, Japan under the accession number FERM BP-2416.

40

7. Escherichia coli strain N-2 carrying a DNA coding for a non-A, non-B hepatitis virus antigen peptide, deposited at

Fermentation Research Institute, Japan under the accession number FERM BP-2431

.

8. Escherichia coli strain N-1 8 carrying a DNA coding for a non-A, non-B hepatitis virus antigen peptide, deposited

45 at Fermentation Research Institute, Japan under the accession number FERM BP-241 8.

Patentanspruche

so 1. lm wesentlichen reines Nicht-A-, Nicht-B-Hepatitisvirus-Antigenpeptid, dasgegen Nicht-A-, Nicht-B-Hepatitisvirus-

Antikorper reaktiv ist und eine Aminosauresequenz darstellt Oder aus einem Teil Oder Teilen der Aminosaurese-

quenz besteht, die von mindestens einer Nucleotidsequenz codiert wird, die aus der aus den Formeln (I) bis (VI)

bestehenden Gruppe und Nucleotidsequenzen, die jeweils durch Substitution mindestens eines Nucteotids jeder

der Nucleotidsequenzen der Formeln (I) bis (VI) gemaB der Degeneriertheit des genetischen Codes erhalten wer-

ss den, ausgewahlt ist:
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GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAG

AAAAGGCGAAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAA

AAAAAGCAAGGAATTC . ..(I) ;

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAA

AGACGAAAAGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAA

AAAGGAATTC. . . ( II ) ;

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACA

CACACAAGAAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAA

CCCAGGAAAGAACAAAAAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGG

GAGGGAAGGAAGGACGCATATCAGATTAGAAAAAGGAGGGAATTC

...(ill);

GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGT

TAGCCCGCAAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTT

AATATCAAAGTGGTCGAAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTA

AGACGAATACAAACCAAAATTCTGGAATGATCATTAAAAACATTATTGATAG

GTACTTAGAAGGGCAAGAGAGGAAGAAGAAAGTAATGAGAAATGCTTATGGA

AGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC . ..(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGA

TGGCCGTGGAATTC . . . ( V) ;

GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGC

TTGGGCGCCCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGG

TTGGCGCGGCGTACGTGTCCGGGAATTC . . . ( VI )

;

wobei die Iinken und rechten Enden jeder Nucleotidsequenz den 5'-Tenminus beziehungsweise den 3-Terminus
darstellen.

Gemischtes Antigenpeptid, das mindestens zwei verschiedene Nicht-A- t Nicht-B-Antigenpeptide gemaG Anspruch
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1 umfaBt.

Desoxyribonucleinsaure, die ein im wesentltchen reines Nicht-A-, Nicht-B-Hepatitisvirus-Antigenpeptid gemaG An-

spruch 1 codiert und mindestens eine Nucleotidsequenz darsteltt Oder aus einem Teil Oder Teilen der Sequenz
besteht, die aus der aus den Formeln (t) bis (VI) bestehenden Gruppe ausgewahlt ist:

GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAG

AAAAGGCGAAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAA

AAAAAGCAAGGAATTC . . . ( I ) ;

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAA

AGACGAAAAGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAA

AAAGGAATTC . (II);

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACA

CACACAAGAAACAAAGGAGGTACAAAGAAAAAGAAAAAAGGGCAACAAATAA

CCCAGGAAAGAACAAAAAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGG

GAGGGAAGGAAGGACGCATATCAGATTAGAAAAAGGAGGGAATTC

...(III);

GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGT

TAGCCCGCAAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTT

AATATCAAAGTGGTCGAAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTA

AGACGAATACAAACCAAAATTCTGGAATGATCATTAAAAACATTATTGATAG

GTACTTAGAAGGGCAAGAGAGGAAGAAGAAAGTAATGAGAAATGCTTATGGA

AGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC . • . (IV)

;

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGA

TGGCCGTGGAATTC . . . ( V) ;
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GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGC

TTGGGCGCCCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGG

TTGGCGCGGCGTACGTGTCCGGGAATTC • . . ( VI ) .

4. Verfahren zum Diagnostizieren von Nicht-A-, Nicht-B-Hepatitis, das umfaGt:
10

Kontaktieren des Serums eines Patienten mit einem Nicht-A-, Nicht-B-Hepatitisvirus-Antigenpeptid, das im
wesentlichen rein ist und eine Antigen-Antikorperreaktion mit mindestens einem Mitglied aus der aus dem
Serum eines genesenden Patienten mit akuter Nicht-A-, Nicht-B-Hepatitis und dem Serum eines Patienten

mit chronischer Nicht-A-, Nicht-B-Hepatitis bestehenden Gruppe zeigt, und das entweder mit dem Serum
'5 eines Menschen, bei dem klinisch diagnostiziert wurde, daB er Hepatitis-negativ ist, Oder mit dem Serum eines

Patienten, bei dem eine andere ate Nicht-A-, Nicht-B-Hepatitis diagnostiziert wurde, keine Antigen-Antikor-

perreaktion zeigt;

Nachweisen, ob das Serum mit dem Nicht-A-, Nicht-B-Hepatitisvirus-Antigenpeptid reagiert und
Klassifizieren des Serums autgrund dieser Reaktivitat als positiv Oder negativ hinsichtlich Nicht-A-, Nicht-B-

Hepatitis,

wobei das Nicht-A-, Nicht-B-Hepatitisvirus-Antigenpeptid ein im wesentlichen reines Nicht-A-, Nicht-B-Hepatitis-

virus-Antigenpeptid gemaB Anspruch 1 ist.

25 5. Verfahren zum Screenen von Blut fur die Transfusion, welches umfaSt:

a) Isolieren von Serum aus Vollblut;

b) Kontaktieren des Serums mit mindestens einem Nicht-A-, Nicht-B-Hepatitisvirus-Antigenpeptid, das im we-
sentlichen rein ist und eine Antigen-Antikorperreaktion mit mindestens einem aus der aus Serum eines gene-
senden Patienten mit akuter Nicht-A-, Nicht-B-Hepatitis und Serum eines Patienten mit chronischer Nicht-A-,

Nicht-B-Hepatitis bestehenden Gruppe ausgewahtten Mitglied zeigt, und das entweder mit dem Serum eines

Menschen, bei dem klinisch diagnostiziert wurde, daB er Hepatitis-negativ ist, oder mit dem Serum eines
Patienten, bei dem eine andere Hepatitis als Nicht-A-, Nicht-B-Hepatitis diagnostiziert wurde, keine Antigen-

Antikorperreaktion zeigt;

c) Nachweisen, ob das Serum mit dem Nicht-A-, Nicht-B-Hepatitisvirus-Antigenpeptid reagiert;

d) Klassifizieren des Serums aufgrund dieser Reaktivitat als positiv Oder negativ hinsichtlich Nicht-A-, Nicht-

B-Hepatitis; und

e) DurchfQhrung einer Trennung von Blut entsprechend dieser Identifizierung,

wobei das Nicht-A-, Nteht-B-Hepatitisvirus-Antigenpeptid im wesentlichen reines Nicht-A-, Nicht-B-Hepati-

tisvirus-Antigenpeptid gemaB Anspruch 1 ist.

6. Escherichia coli Stamm N-1 , der eine fOr das Nicht-A-, Nicht-B-Hepatitisvirus-Antigenpeptid codierende DNA tragt.

hinteriegt bei dem Fermentation Research Institute in Japan unter der Hinterlegungsnurnmer FERM BP-2416.
45

7. Escherichia coli Stamm N-2, der eine fur das Nicht-A-, Nicht-B-Hepatrtisvirus-Antigenpeptid codierende DNA tragt,

hinteriegt bei dem Fermentation Research Institute in Japan unter der Hinterlegungsnurnmer FERM BP-2431

.

8. Escherichia coli Stamm N-1 8, der eine fur das Nicht-A-, Nicht-B-Hepatitisvirus-Antigenpeptid codierende DNA
tragt, hinteriegt bei dem Fermentation Research Institute in Japan unter der Hinterlegungsnurnmer FERM BP-
2418.

Revandlcations
55

1. Peptide antigenique du virus de Phepatite non-A, non-B, sensiblement pur, qui est reactif avec un anticorps au
virus de I'hapatite non-A, non-B, lequel peptide est une sequence cfacides amines ou consists en une partie ou
des parties de ladite sequence d'acides amines, qui est codee par au moins une sequence de nucleotides selec-
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tionnde dans le groups consistant dans les formulas (t) a (VI)

:

GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAGAAAAG

GCGAAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAAAAAAAGCAAGGAAT

TC... (I);

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAAAGACG

AAAAGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAAAAAGGAATTC . * .

(ii);

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCCaAAAACGACACACAC

AAGAAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAACCCAGGAAAGAACA

AAAAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGGGAGGGAAGGAAGGACGCATATCA

GATTAGAAAAAGGAGGGAATTC • . . ( I II ) ;

GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGTTAGCC

CGCAAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTTAATATCAAAGTGGT

CGAAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTAAGACGAATACAAACCAAAATTCT

GGAATGATCATTAAAAACATTATTGATAGGTACTTAGAAG? ?CAAGAGAGGAAGAAGAAAG

TAATGAGAAATGCTTATGGAAGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC . .

.

(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGATGGCC

GTGGAATTC. .
. (V);

GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGCTTGGG

CGCCCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGGTTGGCGCGGCGTAC

GTGTCCGGGAATTC • .
.

( VI )

;

oil les extremites gauche et droits de chaque sequence de nucleotides representent respectivement le ter-

minal 5' et le terminal 3'; et les sequences de nucleotide individuellement obtenues par substitution d'au moins un

nucleotide de chacune desdites sequences de nucleotides de formules (I) a (VI) sebn la degdndrescence du code

genetique.

Peptide antigenique melange comprenant au moins deux peptides antigentques non-A, non-B differents selon la

revendication 1

.

Acide desoxyribonucl£ique codant pour un peptide antigenique du virus de Phe>atite non-A, non-B, sensiblement

pur selon la revendication 1, lequel acide desoxyribonucleique est au moins une sequence de nucleotides ou

consiste en une partie ou des parties de ladite sequence, selectionnee dans le groups consistant dans les formules

(I) a (VI)

:
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GAATTCCAAAAAGAGCAAAACAAACCGCCGAAGAAAAAACTAATAAGAGAAGAAAAG
GCGAAGAGACACAGGAAAAAAAAAACAGAGACGAAGGTCAGATAGAAAAAAAGCAAGGAAT
TC . . . ( I )

;

GAATTCCGAGAACAAGACCAGATAAAAACCAAAGACAGAACACAACAGAGAAAGACG

AAAAGAAGCACCAATCGCAGGCGAAGCAAAAACGAAAAAAAAAAAAAAAAGGAATTC . . .

(ii);

GAATTCCAAGAAAAAAAGGGAGAAGCCAGCAATGGAGAAGCCGAAAACGACACACAC

AAGAAACAAAGGAGGTACAAAGAAAAAGAAAAAACGGCAACAAATAACCCAGGAAAGAACA

AAAAGCCAAGAGTGGGCAGAATAAAAAACTGGAACCGGGAGGGAAGGAAGGACGCATATCA

GATTAGAAAAAGGAGGGAATTC ...(III);

GAATTCCTAAGAAATGGCTAGCCCTAGGAGAGGCAGTCTTTCCCCAGTCAGTTAGCC

CGCAAATGCCAGAGCATCAAGAATTCAGAAAAGGAGAAAATATAGTTAATATCAAAGTGGT

CGAAGCCTAAGATAGAGAGGTAGAGAGTATGAAGAGTAAGACGAATACAAACCAAAATTCT

GGAATGATCATTAAAAACATTATTGATAGGTACTTAGAAG? ?CAAGAGAGGAAGAAGAAAG

TAATGAGAAATGCTTATGGAAGCCAAAGGAGCTTTCCAGGAGAAGAAAGGGAATTC . .

.

(IV);

GAATTCCCAACGCGTCGGCTTGGCCCGCGCCTTGGCCGCCGACCCGCGCTGATGGCC

GTGGAATTC . . . (V)

;

GAATTCCGGGGTATTTGCCTCGATCTGCCTGCTCAGCGCTTCGGCCCTCGGCTTGX3G

CGCCCTGCTGCTGGCTTCCGAGCAGCTATTCAGCGCCTTGAAAGTGGTTGGCGCGGCGTAC

GTGTCCGGGAATTC . .
. ( VI )

;

Methods de diagnostic de I'hepatite non-A, non-B qui consiste a

:

mettre en contact le serum d'un patient avec un peptide antigenique du virus de I'hepatite non-A, non-B, qui

est sensiblement pur et presente une reaction antigene-anticorps avec au mo ins un membra selectionne dans
te groupe consistant en s6rum d'un patient convalescent ayant une hepatite non-A, non-B aigue, et le serum
d'un patient ayant une hepatite non-A, non-B chronique et qui ne presente pas une reaction antigene-anticorps

ni avec le serum d'un humain ayant subi un diagnostic clinique negatif a I'hepatite ni avec le serum d'un patient

ayant subi un diagnostic de I'hepatite en tant qu'autre que I'hepatite non-A non-B;

determiner si (edit serum reagit avec (edit peptide antigenique du virus de I'hepatite non-A, non-B; et

classifier ledit serum en tant que positif ou negatif vis-a-vis de I'hepatite non-A, non-B, en se basant sur ladite

reactivity,

ou ledit peptide antigenique du virus de I'hepatite non-A, non-B est un peptide antigenique du virus de I'hepatite

non-A, non-B sensiblement pur, selon la revendication 1.

Methode pour cibler du sang pour une transfusion qui consiste a

:
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a) isoler le serum du sang entier;

b) mettre ledit s6rum en contact avec au moins un peptide antigenique du virus de I'hepatite non-A, non-B qui

est sensiblement pur et pr6sente une reaction antigene-anticorps avec au moins un membre sdlectionnd dans
le groupe consistant un serum d'un patient convalescent ayant une hepatite aigue non-A, non-B et te s6rum
d'un patient ayant une h6patite chronique non-A, non-B et ne presente pas une reaction antigene-anticorps

ni avec le seYum d'un humain ayant subi le diagnostic clinique ndgatif a I'hepatrte ni avec le s6rum d'un patient

ayant subi le diagnostic de I'hdpatite en tant qu'autre que ('hepatite non-A, non-B;

c) determiner si ledit se>um reagit avec ledit peptide antigenique du virus de I'hepatite non-A, non-B;

d) classifier ledit s6rum comme positif ou n6gatrf vis-a-vis de ('hepatite non-A, non-B, en se basant sur iadite

reacttvite;

e) effectuer la separation du sang seton Iadite identification,

oil ledit peptide antigenique du virus de I'hepatrte non-A, non-B est un peptide antigenique du virus de I'he-

patite non-A, non-B sensiblement pur selon la revendication 1

.

Souche N-1 de Escherichia coli portant un ADN codant pour un peptide antigenique du virus de I'hepatite non-A,
non-B, deposee au Fermentation Research Institute, Japon, sous le numero cfaccession FERM BP-2416.

Souche N-2 de Escherichia coli portant un ADN codant pour un peptide antigenique du virus de I'h6patite non-A,
non-B, deposee au Fermentation Research Institute, Japon, sous le numero cTaccession FERM BP-2431.

Souche N-18 de Escherichia coli portant un AON codant pour un peptide antigenique du virus de I'hepatrte non-
A, non-B, deposee au Fermentation Research Institute, Japon, sous le numero d'accession FERM BP-2418.
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